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THE LIFE-WORK OF CARVETH READ, 
| ` 1848—1931. 


Born in 1848, Prof. Carveth Read distinguished himself at the Univer- 
sity of Cambridge as a Scholar of Christ’s College, and then spent some 
Wanderjahre as Hibbert Travelling Scholar at Leipzig and Heidelberg. 
His original vocation in life was that of instructor at the famous educa- 
tional institution of Wren. Here his activities were multifarious; they 
included at least the teaching of logic, epistemology, ontology, ethics, 
economics, psychology, and English. Not till 1903 did he turn to 
academic life, succeeding his great friend James Sully at University 
College, the University of London, аз Grote Professor of Philosophy of 
Mind and Logic. But this title is somewhat misleading. In truth, Prof. 
Carveth Read confined himself mostly to psychology, and this non- 
experimental. But he encouraged experimental work in every possible 


. way, and he did make occasional excursions into philosophy and logic. 


In 1911, he.gave up the Chair, but continued to-work at the University 
as Lecturer in Comparative Psychology up to 1921. 

As regards his publications, the earliest topic treated by him— 
financially, by far the most successful one—was that of logic. After his 
first venture at a Theory In Logic (1878), he brought out twenty years 
later his Logic, Deductive and Inductive, which went through four editions 
and numerous reprints. Well it might. A perfect elementary text-book in 
every way, it above all things excelled in that virtue by which the author 
‘and others had made the reputation of Wren’s establishment; that is to 
вау, it was so written that the reader had to understand. Doctrinally, it 
gave most adherence to J. S. Mill, whilst also showing partiality for Bain, 
Venn, and Keynes. Other kinships become apparent in his later editions, 
especially noticeable being some helpful intercourse with Prof, A. Wolf. 

Incomparebly more ambitious, however, was The Metaphysics of 


: Nature, published in 1905 and reaching a second edition in 1908. In this 


great produot, as indicated by the title, we come upon the eventual fruit 

of the author's work at Wren's in the teaching of philosophy. The book 

falls into four sections, entitled respectively ‘Canonic,’ ‘ Cosmology,’ 

‘Psychology,’ and ‘The Categories.’ Of these the first, second and fourth 

are so exclusively philosophical that, despite their brilliancy of form and 
J. of Payoh. ххит, 1 
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profundity of thought, their discussion does not seem suitable for a 
journal of psychology. Even the remaining section, though it does deal 
with psychology, treats this chiefly in its philosophical aspect. Its first 
chapter is discursive and preparatory; in it the author briefly dismisses 
“souls” and “the unseen world” ; hedealsatalittle greater length with the - 

“ mystery of consciousness,” the alleged “substantiality of the Subject,” 
and the relation of this Subject to the body. But his second chapter is 
vital; it brings him to the following frank profession of fundamental 
doctrine. ` 

* Neither Materialism nor Spiritualism can give апу account of per- 
ception or volition. To Materialism all consciousness is & miracle, and 
therefore 80 is perception; to Spiritualism no perception is possible, be- 
cause there 18 nothing to perceive. Dualism, maintaining the reality both 
of a material and of a spiritual Substance, has, from Descartes to 
Hamilton, tried in vain to circumvent the truism that between Sub- 
stances divided by definition there is no community.” “Therefore, I am 
recommending as the most coherent and natural way of thinking, on the 
whole, this hypothesis that the World is essentially a conscious thing; 
that in consciousness we have immediate knowledge of Reality, but not 
of the whole of Being; that the rest of Being is made known to us by 
phenomena; that it is everywhere conscious, but in various degrees, and 
that the higher degrees are known to us by the phenomena of organisa- 
tion.” 

The author’s next great work followed after the lapse of four years, 
that is to вау, in 1909. It was called Natural and Social Morals. Its main 
interest is not so much psychological as rather ethical and sociological, 
and so would appear to have its roots not in his present academic ac- 
tivities but still in the older labours at Wren’s. In so far as it does enter . 
into the domain of psychology, it is chiefly an anticipation of what 
follows in a more advanced development later on. 

To this later work, then, we may forthwith turn. Here his most im- 
portant preparatory studies do belong to his university work. They con- 
sist in a brilliant series of articles published from 1908 onwards, almost all 
of them appearing in this Journal. All these were co-ordinated, supple- 


mented, and perfected into The Origin of Man and of His Superstitions, ° - 


_which appeared in 1920, and had a second edition (two volumes) in 1925. 
In this, his first care was to develop a theory which had been mentioned 
~ by him repeatedly in earlier works, and always with rising emphasis. It 
‚жав to the effect that Man owed his superiority over the anthropoid 
“stock to his.change of diet from vegetables to meat. 
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"Into his life a disturbing factor .entered—the impulse to attack, 
hunt and eat animals, which extensively replaced his former peaceable, 
frugivorous habit.. . . It was ádvantageous (a) in enlarging their resources 
of nutrition, and (Б) in enabling them to escape from the tropical forest. 
‚++ There was rapid selection óf those whose variations of structure, 
character, activity were most effective in dealing with. game and with 
enemies; especially of those who combined and co-operated, and learned 
to direct co-operation by some rudimentary speech.” 

Having thus shown how Man reached the stage of hunting, the work 
proceeds to consider how he passed on from this stage to the subsequent 
settled life of the tribe or group. This further advance is attributed to the 
protective action of Magic and Animism. “These superstitions were 
useful and (apparently) even necessary in giving to elders enough prestige 

"to preserve tradition and custom when the leader of the hunt was no 
‚ longer conspicuous in authority.” Everything accordingly hinges upon 
how such beliefs as Magic and Animism could arise and obtain a hold 
upon all tribes and nations. The answering of this question is the main 
task of the book. | 

As always, the author proceeds in admirably rational sequence. First 
comes a chapter on the nature of belief in general and of its two chief 
varieties in particular, which he calls respectively ““ perception-belief^' 
and "play-belief." Here, naturally, yeoman's service is done for him by 
his older and more philosophical work on Canonics. He finds that the 
play-belief includes the above-mentioned Magic and Animism. Both of 
these he discusses at length, concluding in particular that—contrary to 
the usual opinion—the Magic has been the earlier of the two in human 
development. In the course of these chapters he has much to tell us about 
“ghosts” and "souls." Then the book is completed by three chapters on 
‘Omens,’ ‘The Mind of the Wizard,’ and ‘Totemism’ respectively. 

[Besides all the writings so far mentioned, there were some other 
contributions to this Journal and to Mind.] 

After thus all too briefly running over the purport of the chief pub- 
lications of Prof. Сагуе Read, a word may be said as to their merits. 
And to do this summarily about his work in general is greatly facilitated 
by the fact that this is singularly even. First, as we, have already had 
occasion to notice, he possessed an extraordinary degree of lucidity; in 
his hands the most difficult matters became transparent. And this 


applied not only to his writings, but no less so to his lectures. Inthe: .- 


second place, his argumentation was exceptionally persuasivé; partly 
because of its logical cogency; and partly because his tone was such аз’. . 
‚* Wee. i^e ^ сй 
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to disarm antagonism. But his reader is more than convinced; he is con- 
tinually being delighted. For the linguistic style is not merely serviceable; 
it is beautiful. Not for nothing had he been for so many years teaching 
how to write the English language. His so fair linguistic tissue, moreover, 
is dotted over with gems of delicious humour. With such qualities to their 
credit, we may safely prophesy that his writings will long remain both a 
profit and a joy in the land. 

But there has to be mentioned one more characteristic of his writings, 
one that in even higher degree than the other was an integral constituent 
of his personality. This is his selflessness. One manifestation meets us in 
his scientific sincerity. Even under his earlier "conditions of life, which 
would have turned most men to mere “‘crammers,” he, on the contrary, 
was all the time, as we have seen, doing such good work that this after- 
wards served as a solid foundation for his masterpieces. Another mani- 
festation—one of which the present writer can speak from manifold 
personal experience—was his unceasing kindness. He was always the 
keenest of men to do good to, or recognize goodness in, anyone else; the 
least keen to benefit or extol himself; the very purem of colleagues; the 
model of teachers; the friend of friends?. 

С. SPEARMAN. 


1 The preceding account has had the great advantage of kind emendations by four 
exceptionally well-qualified persons, Professors Dawes Hioks, Wolf, Aveling and Flugel. 
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I. INTRODUCTORY. 


А REVIEW of the literature on the subject of perseveration shows that, 
from the very first use of the term up to the present time, certain types 
of character have almost invariably been associated with certain views 
of perseveration. But it was not until recently that any systematic 
experimental work on the relation between perseveration and character 
was carried out—by Lankes and Webba). Webb submitted forty-seven 
students of a training college for teachers to estimates of what he called 
the “persistent qualities” of character, comprising (a) perseverance as 
opposed to changeability, (6) perseverance in the face of difficulties, 
(c) kindness on principle, (d) trustworthiness and (e) conscientiousness. 
Whereupon Lankes correlated these estimates of character with certain 
scores for ‘perseveration’ made by the same students. The correlation 
was negative and very small at that, thus exposing the fallacy of the 
belief generally held by psychologists that the strong perseverator was 
stable їп his emotions and steadfast in purpose. In the present investi- 
gation it was decided to start work on ‘difficult’ children, in whom excess 
or defect in these (and certain other) traits of character would necessarily 
be more marked and the individual differences greater than was the case 
for Lankes and Webb’s ‘normal’ subjects. 

1 The first part of this investigation was carried out under the guidance of Prof. 
О. Spearman at University College, London; the reat of it was supervised by Dr C. 8. Myers 


and oarried out by aid of a grant from the Rockefeller Foundation to the National Institute ' 
of Industrial Psychology. 
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II. EXPERIMENTAL DIFFICULTIES. 


Some five hundred children, ranging in ages from 8 to 15, in the 
Leytonstone Home for children from undesirable homes, were considered 
the most suitable material available. Permission for research was 
obtained from the local Board of Guardians and the work started. The 
matron and staff proved most anxious to help, and a body of psycho- 
logical investigators under the direction of Dr J. A. Hadfield gave their 
support and entered willingly into the scheme. Later, the field of inquiry 
was transferred to the Maudsley Hospital for neuroses and early and 
recoverable forms of mental disorder, where the medical superintendent, 
Dr Edward Mapother, and the medical and nursing staffs rendered all 
possible assistance and were most encouraging in their attitude towards 
the work done. 

It was decided to employ the six tests for perseveration selected by 
Bernstein). But for various reasons which will be set forth below, many 
alterations had to be made in them when applied both to the children 
at the Leytonstone Home and to the patients at the Maudsley Hospital. 

The majority of Bernstein’s tests proved too difficult for these 
children, of whom some were only 8 years old, others were intellectually 
below normal, and others again were of an unmanageable disposition. 
The degree of ease with which these tests can be performed is of the 
greatest importance, because of their extreme sensitiveness: the least 
diffidence at the beginning, or the slightest doubt as to how to proceed, 
again and again proved to influence the final scores so enormously as to 
justify one in saying that the tests measure doubt or ignorance of their 
technique as much as they measure perseveration—if not to the exclusion 
thereof. Consequently very often, after some practice, an apparently ` 
strong perseverator turned out to be a weak perseverator, and vice versa. 

Three tests, selected from Bernstein’s battery, were found suitable, 
viz. the Inverted S Test" (S.), “the Triangle Test" (A), and “the 
Mirror Image Test" (M.I.). A fourth test was evolved by the experi- 
menter himself and called the “Alphabet and Number Test” (А.М.). 


. These tests consisted in (i) writing letters and figures for 14 min. (e.g. 


SSSSSS), (ii) reversing the design for 14 min. (e.g. 220222), and 
‘finally (iii) alternating the first with the second for 3 min. (e.g. SES GS €). 


A fuller description of the tests in their altered and improved form is 


given later in this paper (pp. 11, 12). 
Even the selection of these simpler tests did not altogether overcome 


the difficulty which the younger, backward and most difficult children, 


J. W. PINARD T 


_ or the most depressed and confused of the adult patients, experienced in 
performing them. Some of the subjects, many more than one would have 
supposed, required five practices before they were reasonably confident 
of the method of procedure. For this reason the actual test was preceded 
by five practice periods, when the ‘backward’ subjects were instructed, 
encouraged and sometimes eliminated. It proved neoessary to make 
every subject go through all these practice periods because of the 
important effects of practice on the result. А group of twenty-five 
patients, for instance, averaged the following marks for perseveration! 
for the same tests taken ten times over а period of 11 days: 144, 149, 
143, 144, 146, 130, 196, 126, 119, 110. So, too, ten subjeots, individually 
tested thirty times over & period of 5 weeks, gave the following averages 
for the first b days and for the last 5 days respectively: 


Table I. 

Average for Average for 
first 5 days last 5 days 
128 21 
208 93 
74 59 
69 55 
105 49 
274 154 
74 . 40 
142 76 
105 88 
69 8 


These are only a few cases taken at random from many groups and 
from more than seven hundred individuals, which prove that the mark 
for perseveration often decreases with practice. To ensure uniformity in 
ranking and grouping, therefore, the same number of practices had to 
precede the final test for all subjects, irrespective of whether they could 
carry out the tests after the first practice or not. 

Moreover, it was soon discovered that many subjects varied so much 
in their mark for perseveration from day to day that one would hardly 
be justified in taking the mark for any one day as the standard of 
perseveration for any individual. The orders of ranking of ten children, 
for instance, obtained from the total scores for the four tests which were 
repeated five times over a period of 5 days, preceded by five practices, 
were as follows: a 


1 The method of scoring is described on p. 12. The higher the score, the stronger the 
perseveration. s 
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Table IT. 

Ranking on the Ranking on each of the б daye’ tests 
average of the Уд 
5 days’ teats lstday 2ndday Зі дву 4thday Sth da 
1 2 2 2 2 2. 
2 3 8 3 3 3 
3 1 1 5 5 3 
4 5 5 10 1 1 
5 T 4 4 4 8 
6 6 6 6 6 6 
7 4 9 7 7 9 
8 8 8 8 8 8 
9 9 7 1 9 5 
10 10 10 9 10 10 


The ranking of those who in the first column are placed 1, 2, 6, 8 
and 10 is practically in agreement with that in the other columns, but 
those of the remaining five are far from being so. If the girl who ranked 4 
in the first column had been tested on the third day only, she would have 
ranked last and on each of the two succeeding days first. Similarly 9 would 
have ranked first if tested on the third day only. | 

Applying the above four tests to 194 children at the Leytonstone 
Home and correlating the averages of the first and third with those of 
the second and fourth in the usual way, the following results are 
obtained: | 

The reliability coefficient for the first five practice tests = 0-451. 

The reliability coefficient for the sixth and seventh tests there- 
after = 0-568. 

The reliability coefficient for the five tests following five practices 
(6, 7, 8, 9, 10) = 0-724. 

In view, therefore, of the low coefficient of reliability of the tests for 
the first five applications, it was considered necessary to take the average 
of the four testa, applied five times over a period of 5 days and preceded 
by five practices, as a fairly reliable mark for the perseveration of any 
individual. In this way it was hoped that some standard of perseveration 
for each subject would be arrived at; and this method of procedure was 
applied to all the testing and marking that was done after the experi- 
mental work on the tests themselves was completed and before any 
correlation or grouping was done. 

Prior to this, however, several other alterations in'the tests had to 
be made. For one thing, the usual 6 min. duration of each test proved 
too long for both the normal and abnormal subjects of this experiment. 
The subjects had necessarily to be told to write as quickly as possible, 
but it was found that many of them, for the greater part of the last 
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minute for each test, suffered from cramp or numbness in the hand which 
impeded their speed during the latter part of each test. The following 
experiment was carried out to test the relation between the duration of 
the tests and the perseveration mark for them. The subjects were told 
to draw a line at the point they had reached after each minute and the 
‘letters and figures for each minute were counted separately, for tests 
lasting 6 min. and 4 min. respectively. The average figures for 93 girls 
were as follows, P showing the mark for perseveration: 


Table III. 
Output of work for 
Total д 
output в 2nd ‘8rd 4th th 6th 
ofwork P min шш. шш, min min min. 
For the 6 min. test 732 190 139 167 159 95 99 83 
For the 4 min. test 509 . 99 142 156 — 98 118 — 


Note. The third, or ‘alternation’ section of the test (see р. 6) was introduced after 
the third and second minutes for the 6 min. and 4 min. tests respectively. 


From these figures it is clear that, whereas the practice effect is 
` responsible for a steady increase in the output during the first 3 min. of 
the 6 min. test, the output decreases from the fifth to the sixth minute 
by 16; whereas, taking into consideration the practice effect on per- 
‘severation, one would have expected an increase. Also, because of the 
practice effect, one would have expected the total measure for persevera- 
tion (P) for the 6 min. test to be proportionately smaller than that for 
the 4 min. test—whereas just the opposite occurs. The effect of fatigue 
is noticeable at the very beginning of the second half of the 6 min. test. 
It will be observed that the first 2 min. output for the first and second 
halves are 296, 298 and 194, 221 for the 6 and 4 min. tests respectively; 
and that whereas the difference between the first two halves is only 2, 
that between the second two is 27. Apaft from this proof, although no 
figures were kept, the experimenter could not but notice how many 
more mistakes were made towards the end of the second half of the 
6 min. test than in the middle or even beginning thereof, or in any part 
of the second half of the 4 min. test. This fact alone naturally raised the 
question as to how far fatigue, mental or muscular, had an effect on the 
measurement of perseveration. To minimize the effect of fatigue on 
perseveration, therefore, the duration of each test was limited to 4 min., 
and a 2 min. rest was given between successive testa. 
Lastly, we come to what must be considered the most important 
factor in connection with these tests, namely, the presence or absence 
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of a motive for doing them. This point must be specially stressed. To ~ 
begin with, maximum speed and effort have to be maintained from 
beginning to end if the perseverative tendency of the mind is to be 
measured at all. At the Leytonstone Home the experimenter started 
by applying the tests to groups of 40; but, owing to the difficulty of 
controlling the children, they were reduced to 30, then to 20, and 
ultimately to 15, 10 and even to 5 at a time for special cases. This 
prevented them from carrying out all sorts of tricks, such as turning the 
papers upside down as in the case of the М.Г. test, instead of reversing 
the movement, or leaving spaces open and inserting afterwards, instead 
of alternating, as in the A.N. and 8. tests. 

Even then, however, it was evident to the most superficial observer, 
that without introducing a strong motive for performing these tests the 
result could never be & proper measure of perseveration. One had 
but to study their method of procedure to be convinced of this fact. 
The most difficult children went about their task mainly in one of 
two ways. , ` 

(1) Certain of them would start off with a will and carry on straight . 
through the first two sections of the test; but, directly the third or' 
‘alternation’ section (cf. p. 6) was introduced, they would slacken off 
considerably and more often than not would carry on only because they 
were made to do so. These children would get a high mark for persevera- 
tion, whereas in reality unwillingness if anything was measured. When 
by some special inducement such a subject could be made to maintain 
effort, a very different mark was obtained. 

(2) Similarly, another class of child carried on in a leisurely fashion 
tight from the start, so that even when the ‘alternation’ section of the 
test was introduced he could maintain the same speed more or less; as 
a matter of fact, the very fact that a difficulty was introduced at the 
beginning of the second half seemed to stimulate effort in many cases. 
These children, then, would appear to be weak perseverators, whereas 
their score really only indicated initial lack of effort. 

The experimenter tried various ways to interest them in the work. 
On the advice of the staff, who had predicted trouble of this kind, the 
children were told that the tests were games, but their disappointment 
was colossal and after this they frankly ridiculed the idea. Then their 
co-operation was asked for the sake of science; this called forth a little 
response, but the effect never lasted for more than a few minutes. To 
stimulate a competitive spirit, the score of the total output of work was 
posted up from day to day, but many of the more ‘difficult’ children 
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were not interested. It was not until the writer had taken them out in 
small parties on the lakes and for rambles in the woods and had joined 
in their games and sports, when the personal factor was introduced and 
they tried to please him, that some amount of interest was created and 


sustained effort and speed were ensured. 
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At the Maudsley Hospital by far the majority of the patients proved 
willing, but even here the most depressed of them could hardly become 
really interested. The upshot of it all is, that notwithstanding everything 
that was done and said to ensure concentration, the factor of unwilling- 
` ness could never be eliminated and not more than minimized in its effect 
on the result as regards the subjects most concerned, namely, the 
‘difficult’ ones. And sensitive as the tests are, this fact must be considered 


of the greatest importance in interpreting all groupings and rankings. 


ПТ. THE TESTS AND METHODS OF SCORING EMPLOYED. 


1. Inverted В test. 
(а) The subjects were instructed to write “888888...” as fast as 


possible for 30 sec. 


(b) The subjects were told to write the reversed letter “222228...” 


as fast as possible for 30 sec. 
(с) (a) and (5) were then repeated. 


(d) The subjects were finally told to write “S29 2S 2...” for 2 min. 


The full procedure was therefore аз follo 


(1) 888888... 
(2) 888888... 
(3) 888888... 
(4) 282222... 
(5) 888888... 


2. Triangle test. 


W8: 


30 sec. 
30 sec. 
30 sec. 
30 sec. 
2 min. 


(a) The subjects were instructed to draw a series of triangles—apex 


upwards—as fast as possible for 30 sec.: thus AAA AAA... 


(6) A similar series was then drawn, with apex downwards, as fast 


ав possible for 30 sec.: thus y VV v v v .. 
(c) (a) and (b) were repeated. 


(4) The subjects finally drew as rapidly as possible for 2 min. the 


following series ^ v A V A V .... 


t 
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3. Alphabet and number test. 


(а) The subjects had to write abcdefgabcdefg..., and to 
continue this as fast as possible for 1 min. 
. (b) They were then told to write 12345671234567..., and 
repeat as fast as possible for 1 min. 

(c) They were then instructed to mix (a) and (b), each letter being 
followed by a corresponding numeral, thus:alb2o3d4e5f6g7..., 
and repeat as fast as possible for 2 min. 


4. Mirror image test. 
(а) The subjects were instructed to write in block characters the 
letters B C D E F (and to repeat them) as fast as possible for 2 min. 
(b) They were then told to write the same letters for 2 min. in the 


form they have when seen in a mirror, т.е. ОЛЯ", and to repeat 
them as fast as possible. 


In each case the whole procedure was explained before any single 
test was started, so as to avoid a break between the first and second 
half or at any other place in the test. The necessity of keeping up the 
speed was emphasized, both at the beginning and throughout the pro- 
cedure. The tests were applied five times after five practices, and the 
scores for perseveration were reckoned by subtracting the total number 
of letters and figures written (minus the errors made) in the second 
2 min. (= y) from the total number of letters and figures written in the 
first 2 min. (= 5). It will be noticed that no mention is made of any 
errors made in the first 2 min. for the simple reason that the test became 
possible only after all errors had been eliminated during the first 2 min. 
by previous practice. 


IV. PERSEVERATION AS A GROUP FACTOR. 


The results of the four tests applied five times after five practices 
to 194 children of both sexes between 8 and 15 years showed an average ' 
inter-correlation of 0-34, the entife table being as follows: 


Table IV. 
8. A А.М. М.І. 
8. — 0-34 0-29 0:37 
A 0-34 ‚ — 0:37 0:33 
А.М. 0-29 0-37 — 0-86 
M.L 0-37 0:33 0-36 — 
Averages 0-33 0.34 0-34 0-35 
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When the tetrad differences for the above correlations are worked 
out (according to the formulae given in the appendix to Spearman’s The 
Abilities of. Man), the following figures result: 


Mean deviation of tetrads from zero = 0:0263 
Probable error (р.в.) = 0:02104 
Theoretical P.E. = 0:0217 


The probable error actually obtained is thus practically the same as 
that which we should expect theoretically to get; and this, according to 
Spearman’s theory, confirms the presumption that a group factor of 
perseveration exists common, at least, to the four tests mentioned. 


У. SEX AND AGE DIFFERENCES. 


The differences in sex and age are shown in Table V, where 

2 stands for the average output of the first 2 min. work for the four 
tests repeated five times, 

y stands for the average correct output of the second 2 min. work 
for the four tests repeated five times, and 

P stands, as before, for z— y (cf. p. 12), the averago measure of 
perseveration. 


Table V. 
No. of 
subjeots Sex P z4-y Ages . 
121 Women 112 825 Adults 
82 Men 151 871 "m 
203 Men and women 131 848 
113 8 | 98 522 8-14 years 
94 Girls 94. 533 8-15 ,, 
207 Boys and girls 94 598 8-15 ,, 
13 H iK 108 670 14-15 ,, 
29 55 55 104 637 18 ,, 
26 E 2s 107 625 19 
33 # 55 99 608 п ,, 
35 » 5 86 410 10 ,, 
39 5 » 79 307 9, 
32 5 55 63 320 8 , 


From the above figures it appears that there is hardly any difference 
in P between boys and girls, but a fairly marked difference between 
men and women, and that there is a steady decrease in P from 12 to 8 
years of age. (But this decrease may have been influenced by the slower 
speed at which the younger subjects worked.) For this reason men and 
women and children of different ages were always grouped and ranked 

‘separately for purposes of correlation with estimates of character, 
intelligence quotients, etc. 
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VI. RELATION TO TYPES OF CHARACTER. 


While the experiments on the tests were being carried out, the 
psychological investigators under the direction of Dr Hadfield studied 
the children at the Leytonstone Home with a view to classifying them | 
under different types of character. The domestic staff soon entered into 
the spirit of the enquiry and maintained their interest throughout the 
work. They assisted more especially by writing short character studies 
of each of the children under their supervision and'care. These sketches, 
it was thought, would be of great help to the psychological investigators 
in their study of the material they were experimenting on. In these 
sketches and during the discussions which followed certain designations 
were found to be constantly used—the words “ difficult,” **self-controlled," 
“reserved,” “sociable,” came up with almost monotonous regularity. It 
was therefore agreed that the staff should mark the children individually 
according to the degree in which each of these six characteristics was 
present or absent. The following was the scale of marks used: 0 stood 
for normal; + 1, + 2, + 3 marked the degree in which the characteristic 
was above normal; and — 1, — 2, — 3 marked the degree in which the 
characteristic was below normal. 

This marking was carried out by two house-masters and by seven 
house-mothers, each supported by one or two assistants; the matron 
(who had had 2 years’ psychological training), with the help of the 
psychological investigators, supervised and controlled this part of the 
work. The children had been in the institution for several years prior to 
this experiment and were well known to the staff. The process of observing 
and ‘marking lasted over a period of 3 months. | 

The correlations between the estimates of character and the score 
for perseveration were as follows for the different groups of children 
(each group comprising both sexes): 


Table VI. 
No. in Self- Perse- Un- 
group Age Difficult controlled Reserved Sociable vering reliable 
29 13 — 0-07 0-15 0-01 0-11 0-12 0-02 
25 12 0-13 0:17 0-14 0:10 0-17 0-21 
33 ll 0-12 -0-12 0-23 -0-21 0-15 0-18 
35 10 0.23 0-00 0-27 0-13 0-17 — 0:14 
30 9 0-16 0-03 0-11 0:07 0-04 0-09 
32 8 — 0-24 0-11 0-08 0-16 0-03 0.13 
Total 194 8-13 -0-02 0-06 0-14 0-06 0-11 0-08 


It was obviously impossible to draw any conclusions from these results. 
Before this stage in the work was reached, however, it had been 
generally commented on by the staff that the strongest and, weakest 
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perseverators were more ‘difficult’ and far less ‘amenable to control’ 
than the rest of the children taken together. To test this opinion, the 
domestic staff was supplied with a list of the characteristics mentioned 
above, and they were asked to mark the most outstanding characteristics 
for each of the 194 children under their care by writing a cross opposite 
the child’s name under the characteristic which was specially prominent 
in him. The subjects were then arranged in the order of their persevera- 
tion (according to their performance of the tests) and they were divided 
into eight equal groups, the first group containing the strongest per- 
severators, the last group containing the weakest. The crosses relating 
to the members of each group were now transferred to it, and added 
together; and the average numbers of crosses for each characteristic 
were graphed in relation to the average perseveration for each of the 
groups. The outcome was a series of curves, which resembled each other 
fairly closely, with this difference that some were inverted. By decreasing 
the number of groups from eight to four it was found that certain curves 
were, practically speaking, inverted replicas of others. 

The procedure was therefore now as follows. The average persevera- 
tion mark of the 194 children was taken, then the averages of those 
marks which fell (а) above, and (b) below that mark were calculated 
respectively. By these three dividing lines the subjects were segregated 
into four groups according to their marks for perseveration. The strongest 
perseverators fell in the group with the highest marks and were called 
Extreme Perseverators (E.P.); they were followed by the Moderate 
Perseverators (M.P.), the Moderate Non-Perseverators (M.N.), and 
finally by the Extreme Non-Perseverators (E.N.), which was the group 
with the lowest marks for perseveration. The crosses for the different 
characteristics in each of the four groups were totalled and the results 
tabulated. The following table shows the results of this classification. 


Table VII. 
No.in Degree 
each of persev- Self- Perse- Un- 
group eration Difficult controlled Reserved Sociable vering reliable 
27 Е.Р. 23 5 6 22 6 22 
(113) 31 М.Р. 4 24, 9 19 19 9 
29 М.М. 8 20 12 16 20 8 
26 Е.М. 20 5 7 18 4 21 
19 E.P. 13 7 10 10 4 16 
(81) 21 MP. 6 13 5 14 13 6 
17 M.N. 6 13 1 18 13 7 
24 E.N. 19 3 6 14 5 16 
Воув 46 Е.Р. 36 12 16 32 10 38 
and 52 М.Р. 10 37 14 33 32 15 
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These figures speak for themselves. Both for the boys (113) and 
girls (81) separately and for the two groups combined (194), the following 
points are perfectly clear. On an average 75 per cent. of the most 
difficult and unreliable children fall under the extreme forms of per- 
severation, while about 25 per cent. group under the moderate forms of 
perseveration. Exactly the opposite holds for the self-controlled and 
persevering children. The following are the actual figures. 


Table VIII. 
Degree Belf-con Perse- | Un- 
No. of of perse- Difficult trolled “Reserved Sociable vering reliable 
subjects бөх veration (1) (2) (3) (4) (B) (6) 
53 Воув Е.Р. & Е.М. 43 10 13 40 10 43 
60 » M.P.& М.М. 12 44 21 35 39 17 
43 Girls ЕР. & Е.М. 32 10 16 24 9 32 
38 Е ALP. & М.М. 12 26 12 27 26 18 
96 Boys & girls ME & E.N. 75 20 29 64 ' 19 75 
98 » „ M.P.&M.N. 24 70 33 62 65 30 
Applying the formula e, — 1 + + Ba, given by Yule (8) фо prove 


or disprove the significance of the above figures, the following results 
&re obtained: | 

P is the proportion of the cases of the one kind, p, is the proportion 
of the cases of the other kind, n, is the number of the cases used to 
get pı, and n, is the number of cases used to get рз: 


&=1-2, =l- Pa 
Results for the six'characteristics in the order given in the previous 
table. 


(1) р.к. = 0:04; р, — pa = 0-53, which is 13 times as large as Р.Е. 

(2) в.в. = 0-04; р; — р, = 0-52, which is 13 times as large as Р.Е. 

(3) р.к. = 0:05; p, — р = 0:04, which is less than P.E. 

(4) в.в. = 0-05; p, — р. = 0:02, which is less than Р.Е. 

(5) в.в. = 0-04; p, — р, = 0-47, which is nearly 12 times as large ав Р.Е. 
(6) Р.Е. = 0:04; p, — Pe = 0-46, which is nearly 12 times as large as Р.Е. 


The figures for (1), (2), (5), (6), are definitely significant and those 
for (3) and (4) are not significant at all. Whence we conclude that self- 
control and perseverance go with moderate perseveration, while the 
‘difficult’ character and unreliability go with extreme perseveration and 
extreme non-perseveration. No relation of this nature occurs in the case 
of reserved and sociable children. 


0 
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The chief objection to the interpretation of these figures may be the 
possibility that unwillingness and lack of effort have been measured by 
the tests rather than perseveration, although it would not affect the 
significant differences between the figures themselves. The experimenter 
must admit that when first he studied these figures he himself could not 
get rid of that suspicion. In the first place, as has been explained above 
(pp. 10, 11), unwillingness and lack of effort might and did account for 
results which could be interpreted as showing extreme forms of per- 
severation; and secondly, it would naturally follow that the unwilling 
child would be ranked as difficult and unreliable, and that the willing 
children might often be considered reliable and self-controlled. On the 
other hand, it must be said that such special efforts were made to do 
away with unwillingness and to substitute some positive motive for 
doing the tests and ultimately with so much response on the part of the 
subjects, that one could hardly feel justified in following the above line 
of argument, although psychologically it seemed the most obvious. 

The next procedure was to supply the staff with a list of the names 
of the children in the four different groups and get from the staff the 
differences and similarities in character between the groups. There was 
general agreement that the extreme groups taken together were composed 
of the ‘difficult’ children as compared with the two moderate groups, 
but that there was a marked difference between the extreme groups taken 
separately. The E.P. (extreme perseverator) group was considered to 
comprise the real rebels, who were irritable, bad-tempered and moody. 
These, as a group, were the leaders in mischief of the Е.М. (extreme non- 
perseverator) group, who were ‘petty,’ nagging and whining and were 
always happiest in a crowd. The differences between the M.P. and M.N. 
(moderate perseverator and non-perseverator) groups were less marked, 
although the M.N. group was considered more self-confident, jovial and 
popular than the М.Р. group. It is а remarkable fact that of the twenty- 
four prefects in the six houses of the Leytonstone Home, seventeen 
belonged to the M.N. group, five to the M.P. group, and two to the E.P. 
group. Of these the five in the M.P. group were considered more reliable 
and better leaders from the staff's point of view than the other groups. 
The two prefects in the E.P. group were in constant conflict with 
the staff. 


> The opinion of the staff as regards the differences between these groups was almost 

wholly corroborated by the writer’s later experimental work on “Perseveration and 

Introversion.” The one exception related to irritability, which proved greatest among the 

extreme non-perseverators. But for this, perhaps, differences of definition were responsible. 
J. of Psych. xxm. 1 2 
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In the face of these facts it seemed hardly possible that any un- 
willingness or lack of effort could account for the far-reaching differences 
in character between the extreme groups, and especially between the 
moderate groups which certainly could not be affected at all by the 
factors mentioned above. 


УП. CONFIRMATION BY LATER EXPERIMENTS. 


The last vestige of doubt on this matter was removed by the results 
of the same experiment carried out on adults at the Maudsley Hospital, 
where the great majority of patients were extremely willing and even 
anxious to do the tests, and where out of a total of 116 patients very 
few indeed were extremely depressed and even they with a little 
encouragement did their best. Consequently it can be said with fair 
certainty that the degree to which unwillingness entered into the tests 
at the Maudsley Hospital was relatively slight, and that it could never 
have been a determining factor to anywhere near the same degree as 
was possible in the Leytonstone experiment. Inasmuch as the pro- 
portion of the different groups to each other is about the same in the 
Maudsley as in the Leytonstone results, the conclusion is justifiable that 
perseveration and not unwillingness was the determining factor and 
responsible for the particular form of grouping. 

The 116 patients examined at the Maudsley Hospital were spread 
over four wards, two for the men and two for the women, and they were’ 
observed and marked for four characteristics by the four respective 
sisters of the wards in collaboration with the rest of the nursing staff. 
Most of these patients were well known to the staff and the work lasted 

over в period of 9 months. The following are the figures. 


Table IX. 


No. in Degree of Self- Perse- 
each group perseveration Difficult controlled vering Unreliable 
Men (48) 13 E.P. 10 1 3 9 
. y 12 M.P. 4 9 1 4 
10 М.М. " 8 1 2 
18 Е.М. 10 2 1 10 
Women (68) 16 Е.Р. 9 2 1 8 
14 М.Р. 1 6 7 2 
19 M.N. 2 8 5 3 
19 Е.М. 6 1 1 9 
Men and women 29 E.P. 19 3 4 17 
(116) 26 M.P. 5 15 14 6 
29 М.М. 7 11 12 б 
32 Е.М. 16 3 2 19 
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Grouping the figures in the same way as for the Leytonstone experi- 
ment, the following table results. 


Table X. 
No. of Degree of Self- Perse- 
subjects Sex perseveration Difficult controlled vering Unreliable 
26 Men Extremes 20 3 4 19 
22 ES Moderates 9 17 14 6 
35 Women Extremes 15 3 2 17 
33 > Moderates 3 9 12 5 
61 Men and women Extremes 35 6 6 36 
55 УУ 25 Moderates 12 26 26 11 


Here again, ав in the former experiment, there is а definite system of 
grouping. On an average 75 per cent. of the most difficult and unreliable 
patients fall under the extreme forms of perseveration, whereas the 
opposite holds for: self-control and perseverance in about the same 
proportion. For none of the above characteristics is p, — Pa less than’ 
eight times the probable error; so that the figures must be considered 
definitely significant. 


"VIIT. Summary. 


Four tests of perseveration have been used in this investigation and 
applied to 194 children and 116 adults. 

According to the Spearman formula of tetrad differences, a group 
factor, presumably of perseveration, exists, common at least to these 
four tests. 

There appears to be a steady increase in the mark for perseveration 
among children of increasing age, but little difference between boys and 
girls. Adults show a much higher mark for perseveration than do 
children, and men a somewhat higher one than women. But differences 
in speed of work need here to be taken into consideration. 

About 75 per cent. of the most ‘difficult’ and ‘unreliable’ subjects 
proved to be extreme perseverators or extreme non-perseverators. About 
75 per cent. of the most ‘self-controlled’ and ‘persevering’ subjects 
showed only a moderate degree of.perseveration. 
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SOME PSYCHOLOGICAL EXPERIMENTS ON 
MENTAL DEFECTIVES IN RELATION TO THE 
PERCEPTUAL CONFIGURATIONS WHICH 
MAY UNDERLIE SPEECH. I. 


Ву В. G. GORDON ax» В. М. NORMAN. 
(From the Stoke Park Colony for Mental Defectwes', Bristol.) 


I. Introduction (pp. 20-21). 

П. Head's aphasic tests (pp. 21-33). 
(1) Preliminary observations (pp. 21-22). 
(2) First test group (pp. 22—24). 
(3) Second test group (pp. 24-27). 
(4) Third test group (pp. 27-29). 
(5) Fourth test group (pp. 29-30). 
(6) Fifth test group (pp. 30-81). 
(T) Stath test group (рр. 31-33). 

ПІ. Delayed reaction experiments (pp. 33-41). 

(1) Puszle-box tests (pp. 33-39). 
(2) Speech tests (pp. 39-41). 


I. INTRODUCTION. 


TuE material used for these investigations consisted of two groups of 
defectives. The first consisted of a hundred high-grade females, all of 
whom had an intelligence quotient above 40, and a hundred low-grade 
males, all of whom had an intelligence quotient under 30. The first three 
sections of this paper and its continuation deal with the abilities of mentally 
defective persons in the domain of speech and spatial manipulation, while 


1 The research scheme initiated by the late Dr Б. W. Branthwaite, first Director of 
Medical Services at Stoke Park Colony, has been continued and greatly amplified by 
Prof. R. J. Berry, the present Director of Medical Services, with the active and liberal 
support of the late Warden, the Rev. H. M. Burden, and the present Warden, Mrs R. G. 
Burden, with the approval of the Board of Control. The research laboratory has been com- 
pleted and refitted, and there has been appointed a medical consultant and research staff. 
A complete mental, medical, biochemical, neurological and psychological examination of 
the patients is now being systematically made, and this paper is the first contribution to the 
researches now in operation. 
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the fourth із concerned with imagery. Before describing these experiments, 
it may be as well to draw attention to certain features of mental defectives 
which make their study peculiarly interesting from the psychological point 
of view. In the first place, in the majority of cases the defect is due to an 
arrest of development which is germinal in origin and not due to inter- 
current disease, so that the oligophrenia, or ‘small wittedness’ as 
Continental writers call the condition, is due to an insufficiently developed 
brain which grows abnormally slowly, but in a fashion not incomparable 
with the normal, and is not actively degenerating as a result of any disease 
process. 

Secondly, this brain is so poorly developed in the lower grade cases as 
to bring the resultant mind into comparison with that of higher animals, 
and so serve as a link in mental development between the anthropoids 
and Homo sapiens in his full development. On the other hand, while 
mental defect is as а rule not a defect of intellect or mental development 
alone, but represents a general defect in development, the bodily defect 
may be insignificant compared with the mental defect, so that the indivi- 
dual may exhibit the mind of a child but the bodily and endocrine 
development of the adult, and therefore possibly possess temperamental 
characteristics disproportionate to intellectual and integrative qualities. 


П. HEADS APHASIO TESTS. 
(1) Preliminary observations. 

The first of our experiments was to apply certain of the tests devised 
by Sir Henry Head for his aphasic cases to these two groupa(1). These 
tests were carried out by Miss J. Worger, assisted for the second group by 
Miss M. Havers. Head claims that the aphasias are lesions of symbolic 
formulation and expression. These functions are high-grade ‘mental’ 
functions far above those of movement on the one hand or of vision and 
hearing on the other. “Speaking, reading and writing are highly de- 
veloped actions which have been acquired during the life of the individual. 
_ They are learnt with effort and constantly improved with practice. When 
they are disturbed by an organic lesion, the orderly march of a series of 
events is interrupted; the act of speech fails in one way or another, 
assuming different forms....The necessary processes can no longer be 
carried out perfectly, but the particular form assumed by the disorder is 
the consequence of preventing in part the expression of certain highly 
developed functions and does not reveal the primitive elements out of 
which they are developed.” In other words speech involves a higher 
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integration involving both afferent and efferent processes, but something 
more than an algebraic summation of these. “By symbolic formulation 
and expression I understand a distinct mode of behaviour in which some 
verbal or other symbol plays a part between the initiation and execution 
of the act.” “It is not the general intellectual capacity which is primarily 

' affected by the loss of this function, but the mechanism by which certain 
aspects of mental activity are brought into play.” 

If this function is deficient, the higher the propositional value of the 
test applied, i.e. the more complex the configuration, the more difficult 
will be its execution; thus “a patient may execute a command to hold up 
his hand, although he is unable to carry out an order to touch with it his 
eye or his ear." “ Any modification of the task which lessens the necessity 
for symbolic representation, will render its performance easier. Thus, & 
patient who finds extreme difficulty in imitating gestures accurately, 
sitting face to face, makes no mistake when they are reflected in a mirror, 
for this is in most cases an act of direct imitation @).” 

Here, then, we have a high-grade function not entirely dependent on 
general intelligence, but demanding a considerable degree of integration 
of simple material into more complex configurations which are themselves 
new. The power to form such configurations was easily upset by com- 
paratively small cortical lesions as Head demonstrated in his war cases, 
though these lesions represented interference with association links and 
not destruction of special centres. It seemed interesting to discover the 
working of this function of integrating and manipulating such configura- 
tions in those with imperfectly developed brains. For this purpose six 
groups of tests as devised by Head were employed. Of these groups of 
tests, three, I, IV and V, are apparently tests of the manipulation of 
simple word configurations, while the other three, II, ПТ and VI, were 
tests of less familiar spatial manipulation as described below. The tests 
were purposely applied in the order I to VI in sequence so as not to 
segregate one type of test from the other. | 


(2) First test group. 

The first of these groups comprised a testing of the defectives’ 
reactions to certain familiar objects, viz. knife, key, penny, matches, 
scissors, pencil, and except for the first matching test, was a pure word 
manipulation test. Thus, the first demand was a simple matching test, 
the subject being asked to point to an object on the table corresponding 
to the one shown to him. This matching is easy, and Head has shown that 
it can always be performed by aphasics. The subject uses one sense, 
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namely, vision, both in the receptive and responsive part of the test, and 
the intervening image configuration necessary is probably quite vague 
and inexact. Next he is asked to point to the object named verbally by 
the observer, so he has to receive by hearing, ‘translate’ the word into 
its meaning and respond by vision and movement. Thirdly, he has to 
point to an object named in print. Here he has to receive the visual 
impression of written speech, translate this into its meaning and respond 
by vision and movement. 

Next the duplicate is placed in his hand out of sight and the subject 
has to receive through the less usual kinaesthetic sense, responding by 
vision and movement. Lastly, he must write the name of the object 
indicated, receiving by vision and responding by the complicated kin- 
aesthetic-motor integration of writing. 

In submitting this test to defectives, it is obvious that its full success 
will depend on the ability to read and write, which is not possessed by all 
our subjects even in the first high-grade group. Leaving out of account 
spelling mistakes, provided the word written obviously corresponds to the 
object indicated, we find that in the first series of 100 females with an 
т.о. over 40, 78 per cent. completely succeeded in the test, 14 per cent. 
succeeded except in so far as the ability to write was concerned, and 8 per 
cent. except in so far as the ability to read and write. So far as these high- 
grade defectives were concerned, therefore, there was no difficulty in 
actual performance of this group of tests, failure being due to lack of 
other capacities, due at any rate in some cases to educational rather than 
to inherent defect. It would seem, therefore, that these people can form 
and work with configurations which represent familiar objects, or the 
names of these. 

In the second group, of cases, it was found that 33 were unable to 
perform any of Head’s tests at all. These were the idiots and lower grade 
imbeciles. | 

Of the remaining 67, two only were able to do this test entirely, due 
allowance being: made for spelling mistakes. Two others (encephalitic 
cases) did it perfectly, but could not write owing to the tremor. One 
other did the first five divisions of the test perfectly, but failed in the 
writing test. Another succeeded to the same degree except that he failed 
to recognize the meaning of the printed word knife and point to it. 

Sixty-one cases could not read or write, and of these 35 did the rest 
of the test correctly. Nine did the four divisions with only minor in- 
accuracies. Two could not speak, so failed in the naming tests, but quite a 
reasonably high proportion were able to cope with this group of tests. 
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Twelve found difficulty in the kinaesthetic tests in which the subject is 
required to point to an object the duplicate of which is placed in his left 
hand out of sight, and which may mean that a kinaesthetic image is not 
easily formed in these low-grade cases. Of these 12, seven succeeded in the 
pointing and naming tests, but failed in the kinaesthetic test altogether. 
Two attempted this test but made serious mistakes. Three others showed 
mistakes in the pointing and naming tests as well, although the latter 
were reasonably performed. Lastly, one succeeded in the two pointing 
tests, but owing to inability to speak could do no more. One could point 
to the object shown to him, but not if named by the observer, and could 
name the object himself, while one could only name the objects. 

It is obvious from this that this group of tests is reasonably easy for 
most of even this low group provided that the tests can be performed at 
all, and the subjects can form and use these word configurations. 


(3) Second test group. 

The second group of tests is of especial interest in view of its recent 
application to normal people by Charles Fox (4). These are the finger-eye, 
finger-ear tests. In this group of tests the subject is asked to imitate the 
observer in moving the left hand to the right eye, right hand to right ear 
and so on in different combinations. In order to give the subjects en- 
couragement in what might prove a difficult test, we started the test with 
a direct imitation—the subject imitating the movements of the observer 

‘geen in the glass; this is comparable to direct matching. Next the subject 
was asked to imitate the observer when facing him, thus having to 
respond with the opposite hand; then a picture of the movement was 
presented and the subject had to copy it, first facing it, then as seen in the 
glass (i.e. direct matching). Head (3) thinks that the copying of a movement 
when facing the observer or the picture requires the intervention of 
language. Fox has pointed out from the introspective records of his 
subjects that there are three possible ways of solving the problem. The 
subject may give himself a verbal order by the use of ‘internal speech,’ 
such as “I must do the opposite,” or “І have to use the opposite hand,” 
or “The left hand on the picture corresponds to my right”; and this was 
the method used by some of his graduate subjects. But the problem may 
be tackled by spatial manipulation only, without the use of internal 
speech, and this may take various forms. The person may imagine that 
the diagram is turned round, and consider himself as looking through the 
card from the back as though it were transparent. Or he may imagine the 
card placed behind him so as to face the same way as he himself is 
looking. It would usually be said that this involves the use’ of visual 
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imagery, but if any imagery is employed it is so vague as hardly to be 
recognizable. The ability to think of objects as turned round is acquired 
so early in life that, if images were originally used, they have long since 
disappeared from consciousness. For images tend to disappear a8 soon 
as they have accomplished their purpose of making thinking facile; and 
when thought flows freely.images play no part in the process. We may 
describe this procedure of spatially manipulating the card in imagination 
as ‘orientation of the diagram.’ Finally, it is possible to solve the problem 
by means of orientation of the body, and this may be accomplished in a 
variety of ways which it is difficult to separate. The more usual method 
involves the use of kinaesthetic imagery or incipient bodily movements. 
The person imagines his own body taking up the position represented on 
the picture. It is very doubtful whether pure kinaesthetic imagery has 
any independent existence, or whether in all such cases incipient bodily 
movements are alone involved. The spatial schema of our body, which we 
all carry about with us in consciousness, is more or less easily manipu- 
lated. Some subjects aver that they ‘feel’ their bodies turned round in 
space 80 as to be in the position of the picture. Others ‘feel’ nothing, but 
simply ‘know’ that their bodies have made the necessary turning move- 
ment. Careful observation of the subjects discloses the fact that in- 
cipient movements of turning the body are made; and in some cases the 
movement is very pronounced, so as to constitute a quarter or half a turn 
of the body in the chair. This is more especially the case with children, 
and I have observed some schoolboys who actually got up and turned 
completely round in their effort to solve the problem. The orientation 
sometimes takes a visual form, and the subject ‘sees’ himself turned so as 
to occupy the'position of the man in the sketch. For purposes of discus- 
sion it is convenient to refer to all the cases of this last group, namely 
kinaesthetic, incipient or actual movements, or visual realization of 
movement, as ‘orientation of the body.’ The above analysis is based on the 
actual procedure adopted by the persons who were examined. It is to be 
noticed that to give the defective cases every chance, we started with the 
simple imitative test which they almost all did correctly, and as Fox points 
out this ought to reduce the errors very materially, yet in the whole 
series of cases only four were able to make a complete success of this test. 

This is in accordance with Fox’s findings that this test cannot be 
performed under 9 years even by the brightest children. We would agree 
with Fox that this test and probably the clock test, which we used as the 
third of our group of tests, are concerned with the ability of the individual 
to discriminate and manipulate spatial ideas, and that with Mourgue (5) 
we may conclude that speech defects are defects in a more general 
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function of ability to demarcate or differentiate perceptual configurations, 
which shows itself in a lack of appreciation of spatial relationships. 
Mourgue thinks that the varieties of aphasia are reducible to special 
disabilities in spatial discrimination, that is in the demarcation of per- 
ceptual configurations in space, and that language is only disturbed 
because it too involves such demarcation (p. 123). Such a function of 
discrimination and of space relationship clearly depends on high level 
cortical function, and therefore in the case of defectives, who are in all 
probability wanting in the higher layers of the cortex, it might be 
expected that these functions would be lacking. This group of tests 
comprises the following: 
Hand to eye and ear group. 
' (1) Imitation of movements of the observer seen in glass. 14 tests. (Pure imitation 
(2) а of movements made by observer. 14 tests. (Transposition—difficult.) 
(3) Carrying out of pictorial commands. 14 tests. (Transposition—difficult.) 
ta} Carrying out of pictorial commands seen in glass. 14 tests. (Imitation—easy.) 
(b) Carrying out oral commands. (Language test—auditory.) 


(6) out printed commands. (Language test— visual.) 
(7) aloud and executing printed commands. (Language test—auditory 
and visual.) 


(8) Writing down movements made by observer. (Transposition and motor 
language.) 

In this group of tests the following results were obtained for the 100 
high-grade girls. There were only four complete successes. The really : 
interesting tests in this group are the first four and the last. As has been 
seen, tests (1) and (4) should be easy, and (2), (3) and (8) difficult. In 
spite of this we find 29 having errors in (1) and (4), a much higher per- 
centage than the imitation tests involving pure word manipulation, 
presumably because these spatial configurations were less familiar than 
the word configurations. When we come to the difficult tests, we find 
that there are no less than 94 who made errors in these tests, (2), (3) and 
(8). Of these, 36 failed to score any successes in any of them. For some 
reason (8) was done much more successfully than (2) and (3), possibly 
because the subject was more used to the tests by the time (8) was reached. 
Thus, there were 14 responses required for each 86 Of the 94 subjects. 
under discussion: 


For test (2). 84 had 14 errors. For test (3). 83 had 14 errors. 
1 had 13 errors. 2 had 12 errors. 

1 had 10 errors. 1 had 11 errors. 

1 had 7 errors. Р 1 had 10 еггогв 

lhad 4 errors. 2 had 6 errors 

2 had 3 errors. 2 had 6 errors. 

4had 0 errors. 1 had 3 errors 

2 had 0 errors 
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It is obvious then that these two tests proved very difficult indeed. 
For test (8) we find: 


Only 38 with 14 errors. 2 with 6 errors. 
1 with 13 errors. 1 with 4 errors. 
1 with 12 errors. 4 with 3 errors. 
4 with 11 errors. 6 with 2 errors. 
2 with 10 errors. 5 with 1 error. 
3 with 9 errors. And no less than 23 without errors. 


4 with 7 errors. 


These results show a close analogy with Fox’s for normal school 
children. — 

In the second class, 33 could not do Head's tests at all. None were 
completely successful in the second group of tests, and for the difficult 
tests, none reached test (8), as the whole business was too complicated. 
For tests (2) and (3), 50 entirely failed in both these tests. 

Of the 67 who attempted the tests at all: 


For test (2). 55 had 14 errors. For test (3). 58 had 14 errors 
7 had 13 errors. 3 had 13 errors. 

2 had 12 errors. 1 had 12 errors 

1 had 11 errors. 2 had 11 errors 

1 had 10 errors. 1 had 10 errors 

1 had 8 errors. ‚ lhad 6 errors. 

lhad 2 errors 


It is obvious that these tests are very difficult indeed for these persons. 
It should be noted however, that whereas the higher group were fairly 
successful in tests (1) and (4), only 29 per cent. having inaccuracies, the 
results in the lower group were very inaccurate indeed, though definitely 
better than for tests (2) and (3). Only five were accurate in both (1) and 
(4), while one was accurate in (1) with one mistake in (4) and one was 
accurate in (4) with two mistakes in (1). 

This test is then of considerable difficulty for low-grade cases, the 
transposition being almost impossible. 


(4) Third test group. 


The third group of tests consists in clock setting—of these there are 
ten “times” used. 


| (1) This consists in direct imitation of the handson another clock. The only difficulty 
here is a confusion of the big and little hands. 
(2) The clock is set to oral command. 
(Auditory impression translated to motor movement with the intervention of 
a symbolization of the time.) This test demands the ability to tell the time. 
(3) The clock is set to printed command. 
The same as the last but the reception is by vision and not hearing.) 
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(4) Telling the time from a clock set by the observer. 
(A visual reception and a transference to speech involving the knowledge of 
telling the time.) 
(5) Writing the time shown on a clook set by the observer. 
- (The same as (4) but involving the ability to write.) 


Of the first series of 100 high-grade girls, 23 succeeded in passing the 
group of tests without error. Twenty-five failed in groups (2), (3), (4) and 
(5) because they could not tell the time. Of these, ten made no errors in 
the direct imitation group of tests. From the 15 who failed even to imitate 
correctly, there were 150 possibly correct solutions, since there are ten 
responses asked for each of these tests. There were 53 errors out of the 
150 responses. Of.these, 28 were simply transpositions of the big hand for 
the little hand, while 25 were definite errors. The 52 who could tell the 
time gave 2540 responses, since there were 60 refused responses. Of these, 
' 424 were erroneous and of these 75 were transpositions of big hand for 
little hand and 349 true errors. It will be seen from this, therefore, that 
‘there was quite an appreciable difficulty in spatial manipulation amongst 
this group of defectives as demonstrated by the clock test. 

For the lower-grade group this proved a very difficult test indeed. In 
addition to the 33 who could not do Head’s tests at all, 34 could not 
attempt this test. A further 28 could only attempt the direct imitation 
- test while only five got farther than this. Of the 28 who only did the 
imitation one had no errors. One had one error only which was a reversal 
and nine successes. 


had 1 error, 1 reversal and 8 successes. 
had 3 errors, 2 reversals and 5 successes. 
had 4 errors, 2 reversals and 4 successes. 
had 5 errors, 1 reversal and 4 successes. 
6 errors, 0 reversals and 4 successes. 
2 errors, 5 reversals and 3 successes. 
6 errors, 1 reversal and 3 successes. 
7 errors, 0 reversals and 3 successes. 
3 errors, 5 reversals and 2 successes. 
4 errors, 4 reversals and 2 successes. 
8 errors, 0 reversals and 2 successes. 
2 errors, 7 reversals and 1 success. 

8 errors, 1 reversal and 1 success. 


EEEEEEEEEE 


1 had 10 errors, 0 reversals and 0 success. 


That is, there were only 83 successes out of a possibility of 280, while there 
were 164 complete errors out of 280. One case attempted the imitation 
test scoring three successes, three reversals and four errors, and also the 
setting the clock to oral command, in which he scored two successes, 
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one reversal and seven errors. Another was accurate in the imitation test 
and only made one error in telling the time from the clock, but could not 
do the other tests. Another was accurate in both the above tests. One 
case did the imitation test with nine successes and one reversal and was 
correct in setting the clock and telling the time. The last case did all the 
tests except writing down the time, but was inaccurate in the imitation 
test, scoring three successes, five reversals and two errors. In normal 
people, while reversals are not uncommon, complete errors are rare. The 
high proportion of complete errors seems to indicate that these cases 
have a difficulty in retaining spatial forms at all and this is borne out in 
the next group of tests dealing with retention of spatial configurations. 


(5) Fourth test group. 


The fourth test is a word configuration test and consists in the exhibi- 
tion of a series of pictures and captions representing three figures 


differently grouped. Thus: : 


(1) The dog and the cat. 
(2) The man and the dog. 
(3) The cat and the man. 
(4) The cat and the dog. 
(5) The dog and the man. 
(0) The man and the cat. 


The tests required were: 
(1) To read aloud from the caption. 
(2) To read from the pictures. 
(3) To write from the pictures. 
(4) To write from dictation. 
(5) To repeat the caption diotated. 


(0) To read what he has written. 
(7) To copy the caption. 


Here the subject is required to receive two configurations in different 
ways and to convey them in different ways, except in the last case when 
he is only required to copy, and is not required to attach any ‘meaning’ 
to the configurations. It is possible that meaning need not be attached 
in tests (1), (2), (5) and (6), but it certainly must be attached in tests (2) 
‚ and (3), and from the point of view of mental achievement (2) and (3) are 
presumably the most difficult. In order to score full marks at this test, 
it is not only necessary to interpret the figures for what they are, i.e. 
man, dog or cat, but to describe them in their proper order. Thus picture 
(1) must be described as dog and cat and not cat and dog. 

In the first series 32 per cent. of the high-grade girls were absolutely 
correct. Of the remaining 68 per cent. all made mistakes in columns (2) 


30 Psychological Experiments on Mental Defectives 


and (3), and 60 made mistakes only in these columns. Of the remaining 
eight, three failed as a result of complete inability to read and write, 
others of course being able to read or write such simple words as man, cat, 
dog, when they could not succeed with colours or objects, such as BCIBSOTS, 
knife, etc. . 

Of the rest, one inverted the order in one test when writing from 
dictation. In one, dog was read as God and in two others written as God. 
In one, man was read as mouse. 


In the whole дешев, there were 12 who showed errors in inter- 


pretation. 
Thus: 
(1) Writing from picture, man and dog. Response was man and cat. 
(2) Reading from picture, dog and cat. Response was tiger and sheep. 
(3) Reading from picture, dog and cat. Response was cat and tiger. 
(4) Reading and Writing from picture, Response was cat and lion. 
dog and cat. 
(5) Reading from picture, dog and cat. Response was two cata. 
(6) Reading from picture, dog and cat. Response was lion and cat. 
(7) Reading from picture, dog and cat. Response was cat and tiger. 
(8) Reading and Writing from picture, Response was wolf and squirrel. 
dog and cat. 
(9) Reading from picture, dog and cat. Response was wolf and cat. 
(10) Reading from picture, dog and cat. Response was cat and squirrel. 
(11) Reading and Writing from picture, Response was cat and man. 


cat and dog. 


(12) Reading from picture, cat and man. Response was dog and man. 


It is to be noticed that in ten of these the error was in the first test, 
the responses afterwards being accurate, so that this may be of less 
significance than at first sight appears. We may conclude, therefore, that 
these high-grade cases have little difficulty with this test of forming and 
manipulating these simple and familiar configurations. 

The crux of this test is the reading from pictures, and although this 
was inaccurately performed amongst the low-grade cases, only one being 
quite accurate, only four besides the 33 who could do none of the Head’s 
tests discussed in this paper were, unable to make quite a reasonable 
attempt at this test. There were a good many wrong interpretations, but 
these were of the same type as enumerated above, and it does not seem 
worth while to set these out in detail. This test therefore was not found 
remarkably difficult by either class. 


(6) Fifth test group. 
An almost identical group of tests to the first is No. V in the series. 
This consists in giving various responses to colours shown twice in 
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varying order. The colours are black, red, blue, green, orange, white, 
violet, yellow and the responses are as follows: 


. (1) Pointing to similar colour to that shown. 
(2) Pointing to colour named by observer. f 
(3) Pointing to colour named in print. 
(4) Naming colour shown. 
(5) Writing name of colour indicated. 
(6) Printed name read aloud. у 


Allowing for deficiencies in reading and writing, 97 per cent. of the 
first class succeeded in these teste, and some apparently found the names 
of colours more easy to read and write than the names of objects. The 
three who made significant mistakes were all alike in having difficulty in 
distinguishing violet from yellow or orange. In none of the three was this 
constant all through the tests, but evidently the distinction was not clear. 
There were no cases of the much commoner red-green colour blindness. 

Inthe second group of cases this test like the other word configuration 
testa was relatively easy. Thus besides the 33 non-starters, only two made 
no attempt at this test while, allowing for inability to read and write, 
25 performed the rest of the tests correctly. The remainder (40) were in- 
accurate, 15 showed complete confusion of colours in naming or pointing 
to colours named, 21 confused orange and violet, four confused blue- 
green, three blue-red, three yellow-green, two blue-yellow. 

Of the 65 who attempted the tests, 55 were accurate in the plain 
matching test, eight who failed were of the class who were completely 
confused as to colours, one could not distinguish green-blue and one 
orange-violet. These colour confusions are interesting, but so far they 
have not been studied in sufficient detail to allow any conclusions to be 
drawn. 


(7) Stath test group. 


The sixth group of tests is a test of spatial discrimination and 
manipulation. It consists in asking the subject to respond to a command 
involving two separate movements carried out simultaneously. Sixteen 
testa are given involving four separate commands repeated in different 
order. The four commands are: | 


(1) Give me your band and put out your tongue. 
(2) Shut your eyes and put out your tongue. 

(3) Put out your tongue and give me your hand. 
(4) Give me your hand and shut your eyes. 
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Tt is to be noticed that (1) and (3) are the same combination in different 
order and that only three simple movements are involved altogether. 

In this test the subject must understand the order, he must discrimi- 
nate the two movements required from the third or others, and he must 
integrate the two discriminated movements so that they may be per- 
formed simultaneously. This seems to be a good test for efficiency in the 
higher cortical functions in relation to movement. | 

Of the first class of 100 high-grade females, 39 succeeded in performing 
the 16 commands without error. None failed in all the tests and the 
‚ prevailing error amongst the remaining 61 was failure to discriminate the 
two required movements, so that in some of the tests all three movements 
were carried out. However, these mistakes were relatively infrequent, and 
in 11 cases only one mistake was made out of the 16 tests. In only three 
cases was a command not obeyed, and in these cases only one each in the 
16 tests. Thus: 


(1) Shut your eyes and put out your tongue. 
Response: Eyes shut and hand given. 


(2) Give me your hand and put out your tongue. 
Response: Hand given and eyes shut. 


(3) Put out your tongue and give me your hand. 
Response: Eyes shut and hand given. 

It may be remarked, therefore, that this test was carried out fairly 
successfully by this class, but the chief difficulty lay in inhibiting a move- 
ment so as only to perform two when three were possible. | 

The test proved very difficult for the second group of cases. In addi- 
tion to the 33 who could not do any of the Head’s tests discussed here, two 
made no attempt. Of the remaining 65: 


1 had no errors 7 had 9 errors. 
2 had 1 error. 2 had 10 errors. 
5 had 2 errors. 9 had 11 errors. 
3 had 3 errors. 3 had 12 errors. 
8 had 4 errors l had 13 errors. 
5 had 5 errors 1 had 14 errors. 
7 had 6 errors 1 had 15 errors. 
5 had 7 errors 1 had 16 errors. 
4 had 8 errors. 


That is, only 577 successes out of a possible 1040. 55 showed a failure of inhibi- 
tion. 39 showed wrong order or mistake in carrying out the test, e.g. giving hand 
instead of shutting eyes. 20 only performed one movement instead of two. 

This whole series of experiments shows that while language as a 
whole is difficult for defectives, simple word manipulation is easier than 
manipulation of configurations involving less familiar patterns of spatial 
orientation and control. The function of reference in space is a difficult 


В. а. GORDON AND В. M. NORMAN 33 


one for those with a deficient cortex, and this is further borne out in 
subsequent experiments. Verbal images are actually used for this purpose 
in the delayed reaction experiments, thus confirming that word manipula- 
tion is the easier of the two problems. We next proceeded to test powers of 
spatial orientation and manipulation by more direct experiments on the 
forming and manipulation of spatial configurations. 


Ш. DELAYED REACTION EXPERIMENTS. 
(1) Puzele-boz tests. 


In these simpler experiments on spatial manipulation and retention 

of spatial configurations we had an opportunity of comparing the be- 
haviour of defectives with that of lower animals, as we employed а 
modified form of multiple choice apparatus. As used by Yerkes (8) the 
principle of the experiment is essentially that the animal is offered a 
choice among a number of open doors displayed at one end of the cage. 
Food is found in one of these, and this correct choice is made more or leas 
difficult in a series of experiments, by varying the relation of the ‘correct’ 
door to the other doors, or increasing the total] number of open doors, 
thus testing the animal's power of appreciating and using spatial re- 
lationships. Crows, for example, mastered the ‘first on the right,’ but 
failed in the ‘second on the left, even after 500 trials. Two monkeys 
: tested by Yerkes(7) showed considerably greater capacity than other 
animals tested, and the existence of memory ideas of position can hardly 
be denied to Kéhler’s chimpanzees, who having seen fruit buried at night 
in the sand outside their cage, ran at once to the place when liberated in 
‘the morning, although the sand had been smoothed and no landmark 
marked the spot(s). With animals, therefore, the recognition of a place 
may be easy so long as they have not got to discriminate or manipulate a 
changed configuration, or one of too great complexity. 

In the first try-out of this experiment, three boxes similar to those 
used as puzzle boxes were used. The glass top and front were covered in 
with paper, the middle red, the others white. 

Twenty-three subjects from the first class (high-grade girls) were 
tested first. Each saw a chocolate dropped into one of the white boxes. 
After several days, averaging seven, the subject was reconfronted with 
the boxes and asked which one contained the chocolate. Nothing was ' 
said on the first occasion about coming back later. 

The results were as follows: 


15 correct. 
8 incorrect. (Of these 6 chose the red box.) 
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In another series, four white boxes placed either side by side or one on 
top of the other were used. 

The average interval before return in this group was 14 days. The 
chocolate was placed in either the second or the third box. Out of 47 
tested in this way: 

37 subjects gave correct responses. 

10 subjects gave incorrect responses. 
It soon became obvious that these experiments were not strictly com- 
parable to those with lower animals, as language was of great assistance 
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to the human subjects. Not only did they all come to learn from their 
friends what the procedure was about and that they had to try to те- 
member which box the chocolate жав in, but many evidently used а 
verbal phrase to assist them. Thus it was not unusual for a subject to 
reply “it’s in the second one” or “the one from the bottom” without 
pointing until they were requested to do во. In some cases it was observed 
that counting began from right to left, so that what appeared an in- 
correct answer when spoken proved to be correct on pointing, showing 
that transposition of spatial relationship into words was difficult. 

Tn order to make this use of a verbal mnemonic more difficult, a new 
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apparatus was devised consisting of & number of black circular boxes 
which could be arranged in any desired position on a perpendicular white 
background. Six boxes arranged in the form of an equilateral triangle 
were used (see Fig. 1). The subject saw the chocolate put into a box 
(either the left or right middle one). After an interval of 2 days, the 
- subject was confronted with the original figure, this time, however, with 
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Fig. 2. 


the addition of another box placed at the side of the ‘correct’ box, thus 
completely changing the configuration (see Fig. 2). 
This test proved harder. Out of 44 subjects: | 


23 made correct choices, 21 incorrect. 


The large majority of the incorrect responses consisted in the selection of 
the added box, and usually no surprise was evinced. In the correct 
responses, however, it was not unusual to see the subject pause for a 
moment before choosing the original box, taking some time to disentangle 
the configurations. 

3—2 
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A smaller number of subjects was tried with the triangle of six boxes, 
without any addition being made: 

After 14 days interval 11 were correct. 
4 were incorrect. 

This test seemed the most fruitful of results and was tried out among 
the low-grade boys. In this case the interval was greatly reduced, averag- 
ing 35 minutes. Seventy-six subjects were tried with the triangle of six 
boxes, one being added on the second exposure. The results were: 

No response 12. 

Incorrect box chosen 47. 

Correct box 17. 
The percentage of successes thus fell to 22 per cent. as compared with 
50 per cent. in the first class (high-grade girls). 

Among the large number of incorrect choices when the additional box 
was used, the added box itself was not so consistently selected as was the 
case with the high-grade girls, perhaps because in these latter some 
configuration was retained, while in the low-grade cases the responses 
seemed to be more in the nature of random guessing, though the guesses 
were evidently guided by a localisation—-to the left or right in the field of 
vision. 

Twenty-two, chiefly of the lowest grade, were tried without the addi- 


tion of a box: 

No response 8. 

Incorrect 12. 

Correct 2. 
The ‘no response’ were all idiots who did not understand what was 
required of them, and were unable to point to the box after their attention 
was deflected for even half a minute. The majority of these were able to 
take the chocolate when the lid of the box was off, but when out of sight 
the chocolate seemed to be out of mind. 

The fact that relatively small numbers of subjects were used in these 
experiments was due to the necessity of not repeating a test several times 
with the same person, and thus introducing a practice element into the 
results. 8 

The conclusions from these preliminary experiments were that: 

(1) The high-grade mental defective has considerable difficulty in - 
recognizing a simple configuration when occurring as part of another 
configuration. By ‘recognizing’ is meant “the ability to know something 
as identical with something known previously.” The new figure, differing 
only by an added box from the old one, yet tends to swamp the latter, 


* 
О 


В. б. QORDON AND В. M. NORMAN 37 


and prevents its recognition. It seems that in this form of test lies the 
greatest interest for future investigation. The language factor, the use of 
verbal instead of spatial configurations, and the impossibility of pre- 
venting the subjects from discussing the test with each other, interfered 
very seriously with the value of the test in the higher grade cases. 

(2) In the low-grade defective, great difficulty is experienced in the 
discrimination of the parts of a relatively simple whole. This is probably 
due,to the inadequacy of the revival of the memory idea, and not neces- 





sarily to the type of configuration in which the unit parts occur, and it 
would again'appear to point to the great difficulty in spatial manipulation 
already noticed, and in any sort of analysis or even of retention of the 
original perceptual configuration. 

Thus, in the series of experiments with the triangle of boxes with the 
added box shown at the second presentation, 28 per cent. chose the added 
box, t.e. chose outside the original configuration, 72 per cent. chose from 
within the original configuration. Ignoring for the moment whether the 
choice within the original configuration (the triangle) was correct or not, 
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one may ask wherein lay the difficulty in a choice which for the normal 
subject presents little difficulty. In fact the original triangular arrange- 
ment ‘stands out’ in such a way as to make the observer consider the 
added box as an obvious outsider. Is it because in the process of organisa- 
tion of the given environmental data, the phenomenal configuration has 
inferior cohesion, inferior ‘hanging together’ in the case of the imbecile? 
To throw light on this point, those 16 boys who in the previous experi- 
ment had chosen the outsider, the added box, were retested (about 2 
months later) in the following manner: 

The initial presentation of the triangle of boxes was the same as 
before. After a similar interval of time the subjects were confronted with 
the configuration shown in Fig. 3, that is, with the added box as before, 
but with the original figure ‘strengthened’ by means of black strips about 
1 ст. wide, emphasizing its triangularity beyond question. If, now, the 
original configuration existed in a form comparable to the normal, the 
reproduction of it by similarity with this second figure must be facilitated, 
and one would expect the choices to fall within the original figure, that is 
within the triangle of boxes. 

Only four boys chose the added box this time, in spite of the fact that 
their choice before might be considered to have been ‘stamped in’ by 
success in the old experiment. Of the remaining 12, nine were correct. 
That is, employing a ‘strengthened’ figure in the second presentation, 
75 per cent. were led back to the old figure. 

This new experiment with the strengthened figure presented the 
second time with added box, the old unstrengthened triangular figure of 
six boxes having been shown the first time as before, was tried out among 
80 fresh subjects. These were imbeciles, somewhat older than the previous 
group but equally low grade. They were in a totally different part of the 
colony, in one of the outlying establishments and therefore unfamiliar 
with the experiment. The result was as follows: 


Choices inside the original configuration 49 (25 correct) 1 per cent. 
Choices outside the original configuration, i.e. . (the added box) (31 correct) 39 per cent. 


Compare this with the old experiment where no strengthened figure was 
employed: 

Choices inside original configt tion 7/2 per cent. 

Choices outside original co ration 28 per cent. 


One sees, therefore, that in the theoretically 'easier* task, even fewer 
chose the original figure, and that at any rate the ‘strengthening’ did not 
facilitate choice within the original figure. It therefore seems as though 
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the original environmental stimuli (the six boxes) are not organized as 
phenomenal configurations in the sense that they exist as a triangle, and 
that its ‘parts’ (post-analytically conceived by us) do not “hang together’ 
with sufficient cohesion to constitute an adequate configuration, ade- 
quate, that is to say, for the purposes of response. 

Only & rough localizing ability was manifested, which may be con- 
ceived as a vague bearing to the left, possibly ‘the left middle one,’ the 
new figure (old configuration plus added box) being accepted without 
challenge, the relationship of difference not being educed between the 
new figure as perceived and the old figure as reproduced. 

If we may formulate a tentative conclusion from such admittedly 
slender experimental evidence, one might say that in the mental de- 
fective the environmental configurations are not adequately organized 
into ‘mental’ or phenomenal configurations, or are not apprehended as 
such, that the sense of ‘good’ or ‘definite figure’ is reduced, and that 
in consequence the behaviour of the individual is not adapted to the 
environmental stimuli in a normal fashion. 


(2) Speech tests. 

Of the 80 fresh subjects, 75 who were available were subsequently tried 
out with a simple speech test to discover how they dealt with perceptual 
and simple conceptual configurations involving word symbolisation. Six 
pictures were used as follows: 


(1) Dog and puppy. (4) Hen and chickens. 
(2) Cow and calf. (5) Sheep and lamb. 
(3) Cat and kitten. (6) Donkey and foal. 


Bach subjéct was asked for each picture, “what is that?” The answers 
dog, cow, etc., were counted as correct, the mention of puppy, calf, etc., 
not being required. Then with all the pictures spread out in front of him, 
he was asked to find a dog, a cow, a cat, etc. These seemed to be a test of 
his retention and manipulation of very simple and familiar perceptual 
configurations symbolized by words. Sixteen of the 75 failed entirely to 
pass this test or got less than one-third correct. The others managed with 
little difficulty. The donkey was not always familiar and was sometimes 
called a horse and sometimes a nannygoat. 

The third test was to present each picture and ask the subject “what 
does this do?" ° 


24 out of 75 entirely failed to answer this. 
11 gave в ‘good’ response and 5 a ‘fair’ response. 
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An example of & ‘good’ response is as follows: 


The dog—eats bones. 

The cow—tosses you up. 
The cat—catches mouses. 
The hen—lays chickens. 
The sheep—eata grass. 
The donkey—draws a cart. 


An example of a ‘fair’ result is as follows: 
| Dog—bites. 
Cow—kick you. 
Cat—bite you. 
Hen—lays eggs. 
X Sheep—washing it. 
Donkey—kick you. 


In this it will be observed that the responses are reasonably good, but the response 
to sheep is simply desoriptive of what is depicted in the picture, while there is a 
definite perseverative tendency, dog and cat both bite, and cow and donkey both kick. 
In three cases the response was in the form of noises only, e.g. 
Dog—barks. 
Cow—moo. 
Cat—mi-ows. 
Hen (described as cuckoo)—makes a cuckoo noise. 


Sheep—makes a funny noise. 
Donkey—makes a funny. noise. 


Ten responses were in terms of description of what was depicted in the picture, e.g. 
Dog—big one looks at little one. 
Cow—puts head over calf. 
Cat—run after big kitten. 
т little ones and eggs. 


Sheep—little one looks up. 
Donkey—puts head over the other. 


The remaining 22 showed an irresistible perseverative tendency, and the form of 
this was influenced by the perhaps unfortunate fact, that there was a young animal in 


each picture, e.g. 
Dog—lays little dogs. 
Cow—lays calves. 
Cat—lays kittens. 
Hen—makes young one. 


Shee lambs. 
DAL ys donkey. 


This ‘lays’ response was very common. Another type шву be exemplified by the 
following: 
Dog—eats bones. 
Cow—eats grass, walks about. 
Cat—walks about. 
Hen—walks. 
Sheep—walks about. 
Donkey—eats grass, walks about. e 


A few when preased by asking “does this do anything else?” would give such 
Tesponses a8 cow—gives milk, but this was rare. 
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From this test it is clear that just as with the spatial configurations, 
80 was it with the configurations symbolized by words. Directly the 
configurations got in the least complex, these low-grade cases could not 
grasp them at all, or only with great difficulty. 

The marked tendency to perseveration suggests that tests for 
Spearman’s ‘C’ factor (9) would be interesting in mental defectives, and it 
is hoped to carry these out later. 

The behaviour of defectives in respect of configurations, whatever the 
nature of these may be, seems to be closely correlated, and the power of 
manipulating configurations is apparently an important function of the 
brain. 

If it is true, as is generally accepted, that mental deficiency is due to a 
paucity of neurones in the brain, and that mind is a function of brain, 
then perceptual and conceptual configurations must be a function of more 
or less complex patterns of neurones and the general conception of the 
neurogram (Morton Prince(10)) or engram (Semon (11)) is upheld. 
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INTELLIGENCE AND FERTILITY?. 
By SHEPHERD DAWSON. 
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I. PREVIOUS ENQUIRIES. 


Тнк investigation of the relationship between intellect and fertility is 
beset by peculiar difficulties, chief among which are the exact measure- 
ment of intellect, the collection of reliable information regarding birth- 
rates and: tle avoidance of the danger of reasoning from exceptional 
cases. The aim of this paper is to give the results of some observations 
on the birth-rates of people of different grades of intelligence and to show 
their significance. | | 

The problem is not а new one. Sir Francis баіоп (Т) went into the 
histories of 180 Englishmen of scientific distinction, and found that one 
in every three of them had no children, that those who did have children 
had fewer than their own parents, and that, when childless marriages 
were excluded and those in which children might yet be born, the 
average number of living children in their families was 4-7, whereas the 
average size of the families from which they sprang, excluding for the 
most part children who died in infancy, was 6:30. Havelock Ellis(6) 
found that the average family of 214 fertile marriages of British men of 
distinction consisted of 5-45 children. Cattell (4) investigated the sizes of 
the families of 440 American men of science, and found that the average 
number of children in them was 2-3: he included barren marriages. These 
observations have suggested that fertility varies inversely with intellect, 
a suggestion which is supported by popular opinion. On the other hand, 
it is a common belief among those whose expert knowledge qualifies 
them to give an opinion that, at the other end of the scale, mental 
defectives are relatively less productive than the average. 

1 Read before Section J (Psychology) of the British Association for the Advancement 
of Science at its Cantenary Meeting in London, 1931. 
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It is possible that abnormality of intellect either in excess or in defect 
may go with lessened fertility. The only satisfactory procedure is to con- 
sider а group which is representative of the population as a whole, or 
approximately so, not those who have been selected because of their 
imbecility or their scientific distinction. 

It is also necessary to have some reliable method of estimating in- 
telligence. Perhaps the most unreliable method is that of Dr Warner (12), 
who between 1888 and 1894 in London investigated the relationship 
between dullness and physical condition in 100,000 children by lining 
them up in ranks and picking out the dull ones by inspection. It is a 
popular method with which all can sympathize, for we all claim peculiar 
insight into the diagnosis of intellect (we may be unable to guess a man’s 
politics by looking at him, but we have no hesitation is assessing his in- 
telligence), and the less we test our diagnoses, the more vigorously are 
these claims made. Warner, it should be mentioned, worked before the 
days of mental testing. 

Prof. Karl Ревтзоп (9) and Dr Heron (8) improved on this method by 
using the estimates made by teachers under prescribed conditions and by 
testing the consistency of these estimates: but even teachers are fallible, 
and they are apt to judge a child’s intelligence solely or mainly by the 
progress he makes in his school work. 

Intelligence tests have put the matter on a different footing, for they 
give a measure of intelligence which is superior to any based on personal 
opinion, in that it is objective, impersonal and numerical. Group in- 
telligence tests have been applied to school children and the results cor- 
related with the number in the family. Bradford@), using the Otis 
Intelligence Tests on 393 boys and girls of age 10, found between size of 
family and test score a correlation of — 0-25 + 0-03. Sutherland and 
Thomson (10) tested 1924 children of ages 10$-11} in the Elementary 
Schools of the Isle of Wight, 386 Grammar School boys (ages 103—174) 
in Newcastle-on-Tyne, 395 boys and girls (ages 74-15}4) in the Moray 
House School, Edinburgh, and 30 Grammar School boys (ages 1045-1234). 
They found correlations of — 0-154 + 0-023 and 0-218 + 0-019 between 
the intelligence and the size of the families of the Isle of Wight children. 
Selecting the children of 371 families which seemed to be complete, they 
obtained a correlation of — 0-177 + 0-04. Their other groups gave no 
significant correlation, which they suggested was probably due to the 
fact that most of the children had been selected for their intelligence: the 
“families to which they belonged were smaller than those of the first 
group. Chapman and Wiggins(6) tested 650 American children and 
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found a correlation of — 0:33 + 0-024 between intelligence and size of 
family. 

Group tests, however, have been looked on with some suspicion, for 
they are largely scholastic and they measure intelligence in bulk, as it 
were. My apology for presenting this paper is that in Glasgow we bave, 
in the course of other enquiries, applied individual Binet tests to over a 
thousand children and have fairly accur&te information regarding the 
families from which these children come. 


IL SCOPE o» THE ENQUIRY. 


In all the investigations that have been made into the connection 
between intellect and birth-rate the general plan of procedure has been 
the same: some estimate of the intelligence of a child has been made and 
this has been correlated with the size of the family to which he belongs. 
In other words, the fertility of his parents has been correlated with the 
intelligence, not of the parents, but of the child himself. This is a defect 
which will remain until really satisfactory tests for adults have been 
devised, or until those now in use have been proved to be reliable, or 
until the testing of children has become so general that a fair sample of 
the adult population will have records of tests which were applied to 
themselves in their childhood. It is a defect which our enquiry shares 
with the others. 

The children whom we examined were not quite representative of the 
whole population: socially, they were below the average; about a third 
of thexh were sons and daughters of labourers; the fathers of about a fifth 
of them were unemployed or had no apparent occupation: those of the 
rest were steel-workers, boiler-makers, machinists, sailors, firemen, 
porters, drivers, miners, and small tradesmen. Many of the children 
came from overcrowded homes. Intellectually, they were on the whole 
below the average: their mean intelligence ratio was 91, while that of the 
whole population is about 100. In the whole population it has been 
estimated by Burt(3) that 15 per cent. have intelligence ratios above 114, 
70 per cent. between 85 and 114, and 15 per cent. below 85: in the 
children we examined the proportions were 4-5 per cent. above 114, 
63-4 per cent. between 114 and 85, and 32-1 per cent. below 85. 

There were 1239 of them; so that numerically they represented fairly 
well the class to which they belonged. Their ages varied from 3 to 14 
years, with an average of 7-7. 

As regards the family to which a child belonged, there was a record of 
the number of children alive and the number of fatalities (ante-natal, 
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natal and post-natal), the ages of the children and the parents, and the 
number of years the latter had been married. The ages of the mothers 
varied from 20 upwards, with an average of 35. These records are, of 
course, subject to the errors that attend all records given verbally, but 
there is no reason to believe that such errors are sufficiently numerous 
seriously to affect the accuracy of our generalizations. 

Many of the families were not complete, which creates a difficulty 
when we try to correlate intelligence with size of family. There are several 
ways of dealing with this difficulty. (1) We can neglect the difference 
between completed and uncompleted families, assuming that each kind 
is fairly evenly distributed over the whole and that the inclusion of the 
latter will merely tend to obscure slightly the correlation. This seems 
legitimate when the aim is, as mine is in this paper, merely to find the 
comparative rate at which the different grades of intelligence multiply. 
Tt will, however, give only approximately the average size of the com- 
pleted families. Again, (2) we may consider the age of the child and the 
number and ages of his brothers and sisters and decide from these whether 
the family is probably completed. Or (3) we may assume that a family is 
complete when the mother is over 45 years of age. Or, finally, (4) we may 
consider the rate at which the children have been born. Each of these 
methods when used alone gives only part of the information that ought to 
‘be considered. I propose to use here only the first and the third. 





OI. Вазоьтв. 
Table I. 
- Correlation coefficients 
£7 —— TER 
All families Completed families 
= Sa 
N r N r 
т.в. and children alive 1239 — 0-12 0-02 140 — 0-10 0-02 
LE. and No. born alive 1239 — 0-19 0-02 . 140 — 0:26 4-0-02 
г.в. and No. of births 1239 — 0-20 +0-02 140 — 0-30 +0-02 
г.в. and No. of possible lives 1339 — 0-20 +0-02 140 — 0-28 0-02 


Table I shows the correlation between the intelligence ratios (1.R.) of 
the children and (a) the number of children alive in the families to which 
they belonged, (b) the number born alive, (c) the number of births (live 
or dead), and (d) the total number of possible lives. The correlations are 
small, which means that there is a slight relationship, but very slight, 
between the intelligence of the children and the size of the families to 
which they belonged. They are all negative, which means that dull 
children on the whole come from the bigger families, or, if we assume, as 
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is commonly done, that on the whole the intelligence of children is like 
that of their parents, it means that dull parents on the whole have 
slightly more children than brighter parents. The correlation increases a8 
you go down the Table. This is because the fatalities are relatively greater 
among the duller families. We shall return again to this point. 

If we pick out those families in which the mother was 45 years old 
-or over when the child was tested (and the family probably complete), 
we get the figures in'the last two columns of the table. The number of 
families here is small (only 140), but the results are similar: the corre- 
lations are of the same order and there is the same increase in their value 
as you go down the table, but it is not quite so regular. The magnitudes of 
the correlations in the last columns are very like that found by Terman (11) 
in his study of the histories of some 643 children with 1.2.8 varying from 
130 to 200. In 92 of the families to which these gifted children belonged 
the mother was 45 or more years of age: in these the correlation between 
the т.в. of the child and the size of the family to which he belonged was 
— 0-271 + 0-062. 

As correlation coefficients are to many people fearsome things which 
are regarded with some suspicion, I propose to bring out their significance 
in another way, one which is less acceptable to the statistician, but more 
intelligible to the rest of us. I have divided the children into three groups, 
bright, average and dull, and in making this classification I have con- 
sidered those with 1.&:s of 115 or more as bright, 85 to 114 as average, 
and 84 or less as dul. -> 





Table II. Showing average number of births, ete., 
of the ‘bright,’ ‘average’ and ' dull. 


Intelligence ratios ... Over 114 114-85 Below 85 Au 

No. of families ae 56 785 398 1239 
Deaths, ante-natal(D,) 0-29 40-06 0:33 40-02 0-44 --0-03 0-36 0-15 
» natal (D, 0-09 0-04 0-14 0-01 0-16 +0-02 0-14 +-0-01 
» post-natal (D,) 0-64 --0-10 1-00 +0-03 1-32 +0-08 1-09 +0-03 
Survivors (4) 3-41 40-16 4-43 0-05 4-73 0:08 4-47 +0-04 
Dat Da 0-38 0-05 0-47 0-02 0-63 +0-03 0-52 +-0:02 
D,TD,tD, 1-02 +0-12 1:47 +0-04 1-92 0-07 1.69 4-0-03 
pt4 4:05 +0-20 5-43 0-06 6-05 +0-11 5-56 0-06 
D,-D,TÀ 4:14 --0:21 5-57 40-07 6-21 0-11 5-10 0-06 
D,+Dp+Dp+4 4-43 0:21 5:90 0-07 6-65 0-12 6-06 3-0-06 


Nora. The value which follows the sign + is the ‘probable error’ of the mean. 


Table II gives the result of this classification: it shows the number of 
families in each of these groups, the average number of fatalities (ante- 
natal, natal and post-natal), the average number of survivors, and 
various combinations of these. In every row the average increases as you 
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pass from the bright to the dull group. The number of possible lives 
(Da + Dn + Dp + A) is about 50 per cent. greater in the dull group than 
in the bright; so also is the number of births. This looks very serious; but 
there are relatively more fatalities in the dull group (perhaps because the 
more intelligent parents are better able to care for their children). This 
reduces the discrepancy and accounts for the fact that the correlation 
between thé LR. and the number of survivors is less than that between 
the I.R. and the number of births. It does not, however, remove this dis- 
crepancy: the dullest have more survivors (but not many more) than the 
average, and the bright have fewest of all. 

Table Ш, which gives the corresponding values for children whose 
mothers were 45 or over at the time of the testing, points in the same 
direction; indeed, the differences are greater here. The actual averages 
are greater, as one would expect, for the average age of the mothers in 
the whole population was about 10 years less; the average numbers of 

- survivors in the three groups are 3-9, 6-0 and 6-7, as against 3-2, 4-4 and 
4-7 in Table П, I do not, however, wish to attach much importance to 
these figures, for the total number of families represented is not great, 
being only 140. They do, however, corroborate the results given by the 
larger group. 


Table III. Showing the average number of births, etc., 
an 140 completed families. 





Intelligence ratios ... Above 114 114-85 Below 85 All 
No. of families 855 7 88 45 140 
Deaths, ante-natal (D,) 1-0 0-6 0-8 0-7 
» natal (Dp) 0 0-2 0-2 0-2 
» post-natal (Ор) 0-7 1-7 2-6 2-0 
Survivors (А) 3-8 40:37 6-0 +0:16 6-7 0-28 6-1 +-0-14 
Da D, 10 0-8 10 0-9 
D,+D,+D, 1-7 2.5 3-6 2.9 
DytA 4-6+0-64 7-7 0.20 9-3 0-28 8-1 0-18 
D,+Dyt+A 4-6 +0-64 7-9 0-21 9-5 0-35 8-3 +0.18 
DgtDyt+Dyt+4 5-6 0-68 8-5 +0-23 10.3 40-37 9-0 0.20 


IV. COMPARISON OF RESULTS WITH THOSE OF OTHER ENQUIRIES. 


How far are these facts representative of what is happening in the 
population? It has been remarked that the children we examined are 
not quite representative of the whole population, that they are slightly 
below average. There is some ground for thinking that in a group which 
contained a higher proportion of brighter intellects the difference between 
the dull and the bright in respect of size of family would be greater. 

An enquiry into “Mortality rates in Glasgow families" (1) was made 
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by Miss Agnew about nine years ago. She analysed information regarding 
1789 poor families and 455 that were well-to-do: the poor families were 
like those we examined and the well-to-do were patients of a consulting 
pediatrist. She found that when only families of more than one child 
were included, the average number of possible lives in the 1789 poor 
families was 5-6, whereas in the well-to-do it was 3-2. The corresponding 
figure for the population we examined is 6-0, which is not far from 5-6. 
It is hardly necessary to remark that ‘well-to-do’ and ‘very intelligent’ 
are not synonymous terms, that it would be foolish to suppose that all 
these 455 well-to-do families were of superior intellect, for the size of 
one’s banking account does not always vary directly with the degree of 
one’s intelligence: but there is good reason for thinking that there is a 
relationship between them: Burt, Terman and others have shown that 
there is an appreciable correlation between intelligence and social 
position. 

There is another piece of evidence that points in the same direction, . 
namely, the results of a comparison of the records of other investigators. 
It is somewhat difficult to make this comparison on account of differences 
in the mode of selection of the families studied. Table IV summarizes 
the facts. 


Table IV. 
Av. No. 
of live 
N births 
Galton 180 C Distinguished English men of science 4.7 
Ellis 214 [0] British men of distinction 5:4 
Sutherland 1924 I Isle of Wight Elementary School children, 4-3 
and Thomson average I.R. not over 100 
Sutherland 395 I Edinburgh College School, averager.R. high 8-3 
and Thomson 
Sutherland 386 I Grammar School boys, average г.в. 112-5 31°. 
and Thomson 
Terman 92 С American children, 1.8. 130-200 3:4 
Dawson 56 I Live births, т.в.115-139 41 
3: 785 I. » 86-114 5-4 
> 398 I е below 85 6:0 
» 7 C y» above 114 4-6 
АК 88 C » 85-114 TT 
5 45 e я below 85 9-3 
N=No. of families. 
O= ,„ completed families. 
I= ,„ families not all of which were complete. 


In interpreting this table it must be remembered that there has been 
a steady decrease.in the birth-rate, and that the basis of selection of the 
groups studied has been social and scientific success rather than in- 
tellectual endowment. Galton's average (4-7 for completed families of 
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Englishmen who distinguished themselves in science) is nearly the same 
as the average in our brightest group of completed families (4-6). Terman’s 
' figure for his exceptionally gifted children (3-4) is nearly the same as 
Sutherland and Thomson’s for Grammar School boys and College 
children (3-2); but Terman’s families were complete, while the others 
were not; and this figure, again, is like that of Miss Agnew for ‘well-to-do’ 
Glasgow families (3-2). | 

If sterile marriages also were included (about which we have no in- 
formation), the difference between the dull and the bright in respect of 
size of family might be still greater, for sterility seems to be common 
among the bright. Our figures, therefore, probably underestimate the 
difference in fertility of the various levels of intelligence. 


V. Discussion AND CONCLUSIONS. 


One is tempted to conclude that the less intelligent elements of the 
population are increasing at a greater rate than the more intelligent, and 
that in time they may vastly outnumber them, for it must be remembered 
that the influence of a differential birth-rate would be.cumulative. A 
difference of one in the average surviving families of the dull and the ` 
bright may seem a small matter, but nationally it may be serious. This 
can be demonstrated by a simple arithmetical speculation—and it must 
be remembered that it £s a speculation. We know that 3-2, 4-4 and 4-7 
are the average numbers of living children in our bright, average and 
dull groups. We do not know how many of these will reach maturity and 
establish families of their own: the averages will be less than these. Let 
us suppose that it is 3 in the bright group and 4 in each of the others. 
Suppose that the groups do not intermarry (which certainly is only 
approximately correct), and that the average fertility of each group 
. remains the same from one generation to another. Then the 4th filial 
generation of the “bright” group would be (1:5)* or 5 times as big as the 
` parental, while the others would be (2)! or 16 times as big; the 10th 
filial generations would be 57 and 1024 times as numerous as the parental. 
Ав remarked above, it has been estimated that the percentages of the 
present total population with т.в.з above 114, between 85 and 114, and 
below 85 are 15, 70 and 15 respectively; therefore, in the 10th filial 
generation the numbers in these groups would be in the proportions 
15 (57), 70 (1024) and 15 (1024), or 1, 84 and 18, instead of 1, 4-7 and 1, 
88 ab present. 

This looks very alarming, for it suggests that & couple of centuries 
hence superior intellects may be relatively much scarcer than they are 
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to-day. Let me repeat that this calculation is not a forecast; it has been 
made merely to show the tendency of the effect of a cumulative differential 
birth-rate. The conditions are too complex and our ignorance of the facts 
too great to permit anything more than that. We know that in this 
country the birth-rate has been steadily going down and that the popula- 
tion is approximately stationary. We know that the different grades of 
intelligence do intermarry, that clever men sometimes have stupid wives, 
' and clever wives stupid husbands; but we do not know the extent to 
which this happens. Nor do we know whether the fertility of each group 
remains constant. It is well known that superior intellects sometimes 
spring from apparently mediocre stock, but we still require exact in- 
formation regarding the extent to which they pass on their brilliance to 
their offspring. The common belief is that able parents have on the whole 
gifted children, that mental capacity is inherited like stature, eye colour, . 
and other physical characters. No one who has studied the subject at 
first hand, in the hospitals and the schools,.can resist the conviction that 
mental defect and dullness of intellect may be due to any one of several 
causes; they may be due to pathological conditions—minds that have 
' been normal may as a result of disease or accident (e.g. an attack of 
encephalitis lethargica) deteriorate even to a state of imbecility, or they 
may be due to a failure to develop normally (an agenesia), or they may 
be the result of traits inherent in the stock that produced them. 

We are very much in need of methods of distinguishing these cases 
with some approximation to accuracy. We are still more in need of 
studies of mental inheritance akin to those which have been made on the 
inheritance of physical characters in the lower animals: we do not yet 
know whether natural dullness is one genetic character or many, nor do 
we know what kind of character (or characters) it is. 

In conclusion, allowing for our ignorance regarding the number of | 
childless marriages and the number who do not marry, our observations 
have shown that the duller elements of society have more children than 
the more intellectual, that, although their casualties are higher, they may 
be leaving more survivors, and they suggest the gloomy possibility that 
dullness is being bred rather than intellect, and that some of the schemes 
which have been put into operation to promote the welfare and happiness 
of the state may be doing something to preserve and multiply the dull, 
and so accentuating our social problems. In view of the tendency of the 
state and private enterprise to do so much for the unfit, it is obvious that 
this question of the relationship between intellect and birth-rate is of 
more than academic importance and calls for a careful study, not only 
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of the facts regarding birth-rate, but also of survival and of the laws of 
mental inheritance, for, until these are known, speculation on methods 
of treatment is somewhat futile. 


The author is deeply indebted to Miss L. M. Reid, Miss J. Reddick, 
Mr J. Е. Adam, Mr J. Baird, Mr J. C. М. Conn, and Dr A. 8. M. Mac- 
gregor and his Staff for their assistance in collecting and tabulating the 
information contained in this paper. 
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I. INTRODUCTION. 


THERE is probably no branch of psychology in which greater progress 
has been made in recent years than in intelligence testing, yet it is still 
true that we are in need of new performance tests. Most of the per- 
formance tests so far devised fail at the higher age levels. The Pintner- 
Paterson scale (1) is of little service above the age of say ten years. In 
1995 GawQ) tried a wide variety of performance tests in London and 
reports that “There are very few performance tests (either parts of 
scales or single tests) sufficiently difficult to be used as a basis for com- 
paring normal adults.” Later Collins and Drever@), realizing the need 
for variety of tests, standardized their performance scale. This scale is 
a marked advance on those preceding it, but it by no means solves the 
problem. As late as 1929 Earle(4) is led to the conclusion that there are 
few performance tests of much value at school-leaving age. It is in the 
hope that the test to be described may be helpful in this situation that 
it is presented. 
The tests which were used in the investigation were as follows: 

(1) A new test (performance). 

(2) The Collins-Drever Scale (performance). 

(3) The National Group Scale, form 2 a (verbal). 

The criterion of the value of the new test which is used is the agree- 

ment with the results of the other tests. This raises the problem whether 
we can compare results in performance tests with results in verbal tests. 
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It is not intended to deal with this problem in this article, though it is 
hoped to deal with it later. For the purposes of the present discussion 
we assume that all the tests are measures of general intelligence. We 
accept the point of view of Spearman(5) and assume the tests are all 
measures of “g.” The results are then comparable. The two scales we 
have selected for comparison are recognized as among the best of their 
kind, so we have a fairly sound criterion of value for the new test. 


П. МАМЕ. 


The name to be given to the new test is “The Passalong Test." This 
at once indicates the nature of the test and avoids the use of any term 
in testing which might be misleading. The name is borrowed from a 
puzzle which appeared while this investigation was in progress. This 
puzzle is of such difficulty that though it embodies the same idea as the 
test there will be no decrease in the value of the test. Both are taken 
from a puzzle of such complexity that even the most superior adults 
failed +o do it successfully at all. I mention this because the criticism 
of the material being in popular use could be made of several tests 
produced in late years. In this case the difference in the order of 
difficulty makes the criticism without validity. 


ПТ. DESORIPTION OF THE TEST. 


The test comprises nine boxes each containing a number of small 
blocks, one of which (in two cases two) is coloured red while the others 
are coloured blue. One end of the box is red and the other blue, and 
the problem in each case is to move the red block to the red end of the 
box without lifting the blocks out of the box but by moving them within 
the limited space left in the box. The blocks have all a definite size 
relationship and the combination of blocks varies in each box. Asa result 
the problem varies in difficulty and the aim has been to make the 
complexity of the task increase as we go through the series. The first 
box presents a problem which is simple for the average five year old, 
while the last box is sufficiently difficult to test superior adult intelligence. 
The boxes have been so arranged that each is a preparation for the next. 
In this way the test assesses the subject’s ability to profit by experience 
as well as measuring the insight with which he reacts to a novel situation. 
We give below a diagram showing the initial positions for the nine boxes. 
The first box (Fig. 1) serves to introduce the subject to the material and 

- acts as a shock absorber. It comprises three blocks fifteen-sixteenths of 
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an inch square and half an inch thick, in a box of which the inside 
measurements are two inches by two inches by three-eighths of an inch. 
The blocks are thus projecting above the edge of the box and can easily 
be moved. The arrangement of the blocks in the box is shown in Fig. 1. 
The usual colour convention is followed, blue being represented by 
horizontal lines and red by vertical lines. The other boxes are shown in 
Figs. 2-9. In each case the diagrams are in correct proportion, so there 
is no need to give details of dimensions. The base of the box is in every 
case half an inch thick and the sides of the box three-sixteenths of an inch 
thick. The blocks are always half an inch thick and the box three-eighths ' 
of an inch deep. 

The increase in difficulty is shown in the diagrams. Box 7 was 
introduced as a habit breaker, but it would appear to serve no useful 
purpose and it i8 therefore proposed to omit it in future work. There 
appears to be too great a step from box 8 to box 9, and it is therefore 
intended to introduce & new box between these two (see Appendix). 
The end positions are easily obtained from the diagrams showing the 
initial positions. In boxes 1, 2, 4, D, 6, 8, 9 the end position is got by 
turning the figure upside down and calling the red end blue and the blue 
end red. The end position for box 3 is the same as that for box 2. The end 
position for box 7 is got by interchanging the red block with the blue one 
exactly opposite. In the administration of the test an exact pieture of 
the end position of each box is placed before the subject so that instruc- 
tions are reduced to a minimum. The pictures are full size and coloured 
in the same way as the test material, so that the subject has a clearly 
defined goal towards which he has to strive. 


- 


IV. TEST ADMINISTRATION. 


In this initial investigation we were concerned to try all possible 
methods of scoring 80 as to ascertain which was likely to yield the best 
results. As a consequence we have a more involved method of administra- 
tion than would be desirable if the test were to form one of a scale. As it 
is intended that the test should be used as a component in a scale of as 
wide variety as possible we give in an Appendix a method of administra- 
tion and scoring which will reduce the time required for the test. This is 
the method we propose to adopt in further work. 

As we are anxious to show the value of the test from the results so 
. far secured, we give here the method of administration and scoring used 
in the present investigation. After the usual precautions to ensure that 
rapport has been established between the examiner and the subject, - 
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box 1 is placed before the subject along with picture 1. The examiner 
explains that the blocks can move and demonstrates by moving the red 
block from side to side. After warning the subject that the blocks must 
not be lifted out of the box he tells the subject to move the red block 
to the red end of the box so that it will be like the picture. The procedure 
with subsequent boxes is simply to place the box and the picture before 
the subject and say, “Move the red block to the red end so that it will 
be like the picture.” Care should be taken that the subject is quite clear 
as to what is to be done. For example in box 9 it is permissible to draw 
the attention of the subject to the fact that the small blocks are inside 
and must be inside at the finish as in the picture. 

With deaf children the first box should be demonstrated and the 
subject signed to repeat. With subsequent boxes the examiner points to 
the box and then to the picture and motions the subject to proceed. 
I have only tested one deaf case so far and found this method quite 
satisfactory. 

Time each performance with a stop-watch and in addition note the 
number of moves required. A move is a change of position of a block. 
If two blocks are moved with one motion this counts one move. Ifa 
block is moved to a new ‘position and then returned to its original 
position this counts two moves. Where the subject is.merely fingering 
a block while thinking no moves are counted. 


Table I. Showing the time limit for each box, and the time 
allotted to each box for perfect performance. 


Time limit Time allotted 
(min.) (sec.) 


<> соо-да <> Ot № со М Н i 
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For each box there is an allotted time, and if this time is exceeded 
the box is demonstrated and the subject then asked to repeat. This is 
to ensure that all the boxes are done successfully by all the subjects. 
Each box is repeated till success is achieved in less than a given time 
(see Table I). This is to ensure that insight has been gained into the 
problem. These times make no demands on motor co-ordination. Ав has 
been already said, this very complete method was only adopted for the 
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sake of trying all possible methods of scoring. It causes the total time 
required for the test to be longer than is desirable (total time from 
25 to 35 min.), hence the method suggested in the appendix. The scores 
noted are then, time in each trial, number of trials, number of moves in 
each trial and number of demonstrations needed. 

We give in Table II an illustration of a scoring sheet. It should be 
mentioned that this subject was one of the most intelligent tested, having 
an т.д. on the Terman revision of the Binet scale of 127, representing in 
his case a mental age of 15 years 7 months. It is worth noting his 
performance on box 9, since it provides evidence of the difficulty of this 
problem. | 


Table II. Showing the method of scoring. 





Time Time . Time 
Box min. sec. Moves Bec. Moves min. вес. Moves 
1 8 7 
2 25 14 14 12 
3 16 15 
4 2 20 54 20 19 
b 32 23 14 18 
6 25 26 
7 6 6 
8 28 24 
9 3 0 87 Demonstration 10 51 
40 27 у 
Totals 8 20 283 48 49 1 0 51 
Total time 2 10 min. 8 вес. 
Total moves 383 
Total trials 14 
Demonstrations 1 
V. RESULTS. 


Our first purpose here is to ascertain which method of scoring should 
be adopted. We tried four methods, viz. total time, total trials, total 
moves, and total moves with one hundred moves added for each 
demonstration. Notice that we could have similarly valued demonstra- 
tions in terms of trials or time, but as we had evidence that a new 
method of giving the test was desirable in which demonstrations would 
not be valued this was not done. | 

The correlations between the Passalong test and the other two scales 
are shown in Table ПТ. 

The value of a demonstration at one hundred moves was taken on 
the grounds that the average number of moves made in 3 min. was 
approximately this number. Table III shows that if no valuation is put 
on demonstrations then time is the best measure. For that reason time is 
the measure suggested in the appendix. The valuation of demonstrations 
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however gives a better measure with the present method of administra- 
tion, and it is used therefore in the results which are given here. The 
value of the test is indicated by the fact that all the methods of scoring 
give fairly high correlations. 


Table ПТ. Showing the value of different methods of scoring 


the Passalong Test. 
Passalong Test scored in 

Moves with 

demonstra- 

А Time Trials Moves tions valued 
National Scale 0-71 0-54 0-60 0-79 
Collins-Drever Scale 0-69 0-63 0-56 0-77 
Mean 0-70 0-58_ 0-58 0-78 


Before giving a brief indication of the results obtained with the new 
test, it may be well to indicate the nature of the group of subjects tested. 
The group numbered 50 at the beginning, but was reduced to 45 before 
the completion of the work. The subjects were boys in an advanced 
division whose average age was 13 years 2 months. The median age Was 
13 years 6 months, the quartiles being 12 years 9 months and 13 years 
9 months. The age of the group allows us to draw conclusions as to the 
value of the test at school-leaving age. 

The test and the two scales were given to this group of subjects and 
the results for the scales as units are shown in Table IV. 


Table IV. Showing intercorrelations for the Passalong Test, . 
the National Scale, and the Collins-Drever Scale. 


A B О 
Passalong Test A — 0.79 0-77 
National Scale B 0-79 — 0-86 
Collins-Drever Scale C 0-77 0-86 — 


According to this table the Passalong Test is almost as good a measure 
of intelligence as the Collins-Drever Scale as a whole, if we take as the 
criterion correlation with the National Scale. Since the National Scale 
has & correlation of 0-80 with the Terman revision of the Binet Scale 
this is justified as a rough estimate. The Passalong Test may reasonably 
be expected to be less reliable than the Performance Scale, but as first 
evidence this leads us to expect the new test to prove of real value. 

A better method of assessing the value of the new test is to compare 
it with the individual tests which comprise the Collins-Drever Scale. This 
is done in Table V, which gives intercorrelations for ten tests, the eight 


б 
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of the performance scale, the new test, and the National Scale retained as 
а, unit. 

By arranging the table in hierarchical order the tests are put in order 
of merit on the criterion of average intercorrelation with all the other 
tests, a very sound criterion since all are measures of intelligence. 


Table V. Showing intercorrelations for ten tests in hierarchical order’. 


A B ОС D E Е а H I J Mean 
National Scale А — Q6 0-75 0-72 0:62 0-56 054 0-41 045 0:26 0-562 
Passalong Test В 0-75 — 0-76 0-74 0.68 0:59 0-42 0:34 0:22 0-28 0-510 
Cube Construction С 0-75 0-76 — 0-65 0-53 0-46 0-38 0-43 0:356 0-27 0:509 
Painted Cube Test D 0-72 0-74 0:65 — 0-55 0-47 0-40 0.37 0-93 0-22 0-483 
Picture Completion Æ 0-62 0-53 0-53 0-55 — 0.24 0:26 0-313 0-34 0-32 0-391 
Knox Cube Test F 0:56 0-69 0:45 0-47 0:24 — 0-59 0-12 0-32 0-12 0-384 
Domino Test G 0-54 0-42 0:38 0-40 0-26 0-59 — 031 0-19 -003 0-340 
Profile Test Н 0-41 0-34 043 0:37 0-13 0:12 031 — 0-38 0-33 0-310 
Weights Test I 045 0-22 0-35 0-23 0:34 0:32 0-19 0-35 — -002 0-270 
Form-board Test J 0-26 0-33 0-27 0-22 0-32 0:12 -003 0:33 -0-02 — 0-190 

When r is 0-76, р.к. is 0-042; when т is 0-02, р.и. is 0-101 


When r is 0-28 it exceeds 3 times its Р.Е. 


Table V reveals several interesting facts. We note in the-first place 
that the National Scale is first in order of merit, and when we remember 
that it is a composite of five tests we are not surprised at this result. 
In any case our concern here is chiefly with the performance tests, and 
we find an exceedingly interesting fact in this connection. The new test 
takes а higher place than any of the tests in the Collins-Drever Scale. 
This result is more than we had hoped for and warrants great hope that 
we have in the Passalong Test an exceptionally good test of intelligence 
at age level 14 years. 

We may take a glance at the general trend of Table V to see whether 
it is in accord with the results of other investigations with performance 
tests. We find that this is so. For example, we find that the Cube 
Construction and Painted Cube Tests are alongside the Passalong Test 
as the best in the series. At the other end we find the form-board test 
the weakest of all. This is a similar result to that recorded in the National 
Memoirs (6) and also to that found by Harle(4). The Picture Completion 
Test is another which has been used in such investigations and again we 
find our placing of it in agreement with other results. Our table then is 
in accordance with the results of other similar investigations, and we may 
reasonably conclude that our finding regarding the new test has every 
likelihood of being a valid one. 


1 No desortption of the tests comprising the Collins-Drever Scale is given here. The 
method and material used was exactly as in Collins and Drever's book (3). 
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I have deliberately made this discussion of results as brief as possible, 
merely trying to give some indication of the possible value of the new 
test. The purpose of this article is largely one of description. When the 
new test has been tried on a large number of cases we will be in a better 
position to estimate its true worth. Having only а small number of 
cases I do not wish to make rash claims, but on the evidence here provided 
I feel that there is every chance that the new test will prove of real value 
as a measure of intelligence particularly at higher age levels. 


VI. Summary. 


1. The new test, +о be called the Passalong Test, is presented in the 
hope that it may be helpful at higher age levels, where good performance 
tests are still needed. 

` 2. All methods of scoring the test are useful, but apart from valuation 
of demonstrations, time is the best meagure, and is therefore adopted 
for further work (see Appendix). 

3. The application of the test to a group of 13-year-old children shows 
it to be as good as any single test in the Collins-Drever Scale and better 
than most of them. j 

4. The agreement between the results of this investigation and those 
of other workers which are at all comparable, provides evidence that the 
position occupied by the Passalong Test in this set of results is likely to 
be substantiated by further investigation. 

5. As the result of our experience with the test we give in the 
Appendix certain changes which it is proposed to make in the form of 
the test and in the method of administration and scoring. The purpose 
of the change is to reduce the time required to give the test, so that it 
may be used as a unit in a battery of tests. 


The author has to thank Dr R. H. Thouless, Head of the Psychology 
Department at Glasgow University, for suggestions and advice in the 
course of this investigation. Thanks are also due to the Headmaster of 
Abercorn Public School, Paisley, whose interest and co-operation made 
the work of testing in the school possible. 

APPENDIX. 
Suggested methods of administration and scoring. 

In the description of the test which has been given reference was made to the 
fact that it was not proposéd that the test should be used alone but rather as one of 
a battery of teste as widely divergent in type as possible, so that greater reliability 
would be secured. For this purpose it is necessary that the test should not take more 
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than say 10 min. to administer, and in its present form it takes & good deal more 
than that. The purpose of this Appendix is to deacribe a method which will meet the 
requirements of time without reducing the value of the test. 

Before indicating the changes in administration and scoring which are suggested 
there is a change in the form of the test which has been shown to be desirable during 
the present investigation. 

As was mentioned in the description of box 7 this box was introduced as a “habit 
breaker,” but as the work proceeded it became clear that it was serving no useful 
purpose. It is therefore proposed to omit this box from the series altogether. Again 
in the course of the work there has appeared a need for a new box to form a closer 
connection between boxes 8 and 9. This is shown by the fact that all the subjects 
failed in box 9 at the first attempt, whereas that happened with no other box. We 
therefore suggest the introduction of a new box to form a link between,boxes 8 and 9. 
The new box is shown in Fig. 10. As will be readily seen it is the natural link to connect 
boxes 8 and 9 and makes the increase in difficulty less extreme. 


H 





Fig. 10. Showing new box. 


Thus the form of the test to Ъе used will be boxes 1 to 6 as described, box 8 to 
replace box 7 which is to be omitted, the box shown in Fig. 10 to be box 8 and box 9 
to remain the final one. We thus have nine boxes of increasing difficulty each leading 
to the next and depending upon the one preceding. 

In the method of scoring already described it was required that every subject 
should complete-every box so that we might be able to assess the value of different 
methods of scoring; it is now suggested that failure in a box within a definite time 
limit be used as a criterion of judgment. We suggest that the boxes be presented in 
rotation with the same instructions as before, but on completion of the first box the 
subject proceeds to box 2 no matter what time he takes to solve box 1 во long as it is 
within the limit. His time in each case is noted and that is transferred into в points 
score in each case (see Table VI). If the subject fails in the time limit given the box 
is demonstrated and he then proceeds to the next box. Failure in two successive boxes 
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means complete failure and the test is stopped. No marks are given where failure is 

recorded at the end of the time limit and no value is put on demonstrations. Only 

one trial is given in each box. The method follows closely that given by Collins and 

Drever for the Painted Cube Test except that they make no deductions such as are 
' here suggested. Table VI shows the method of scoring. 


Table VI. Showing suggested method of scoring. 
Time limit Full 


Box (min.) marks Deductions 

1 2 2 1 for every minute or part thereof more than 1 min. 
2 2 3 l for every 30 seo. or part thereof more than 1 min. 
8 3 5 1 for every 30 seo. or part thereof more than 1 min. 
4 3 5 1 for every 30 sec. or part thereof more than | min. 
5 3 5 1 for every 30 вес. or part thereof more than 1 min. 
6 А 3 6 1 for every 30 seo. ог part thereof more than 1 min. 
7 3 5 1 for every 30 вео. or part thereof more than 1 min. 
8 4 T 1 for every 80 seo. or part thereof more than 1} min. 
9 5 8 


. 1 for every 30 seo. or part thereof more than 2 min. 
Possible score 45. К 


This method! has been tried with some 250 subjects and we may indicate very 
briefly the results so far obtained. The correlation with the National Scale Group 
Test, form 2 А, remains fairly high. For elementary school cases the figure was 
0-60 + 0-05. As was anticipated the time required to give the test is substantially 
reduced. The average time is about 15 min. with a variation in certain cases of some 
5 min. more or less. This means that the test can be made to form one of a battery 
for which the total time will not be exceasive. On the basis of these 250 cases we give 
below age norms for this method of scoring. 


Table VIL Showing tentative age norms. 


Age in years 7-5 8-5 9-5 105 115 125 135 145 16-5 
Score 11 ‚ 13 16 19 21 24 27 29 32 
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ON THE COMPUTATION OF REGRESSION 
EQUATIONS, PARTIAL CORRELATIONS, ETC. 


By GODFREY H. THOMSON. 
(From Moray House, University of Edinburgh.) 


Тнк following method of calculating the coefficients of regression equs- 
tions (2.е. in our work the weights to be given to scores from a number of 
tests in order to combine them into a battery or team which will give the 
highest possible correlation with a given criterion) appears not to be 
generally known among psychologists, makers of tests, examiners who 
have to combine marks from several papers, etc., and it has been sug- 
gested to me that a short explanatory note might be welcomed in such 
quarters. The method has for some time been in routine use in our 
educational laboratory at Moray House, owing to the teaching of Dr 
A. C. Aitken in Prof. E. T. Whittaker’s mathematical laboratory. 

Let z, be the criterion (e.g. the marks of pupils in a School Leaving 
Certificate) and 2, ту, ..., =, be marks in a number of tests or examina- 
tions by whose aid it is desired to predict z,. It is desired to calculate the 
weights by which to multiply the marks 23, 23, ..., z, in order that the 
weighted sum may correlate as highly as possible with z,. It is necessary 

` to know all the correlations in the following table: 


Ty 1 Tg ~. Ts 
Я . та fus e Ты 
Le Tig - fa ... Tam Е 
Ly fig т «ee Ten 


Ta Tia da fuac эз xe 
It is also necessary to know all the standard deviations о, оз, оз, ..., On 
but in our first consideration of the problem we will suppose that these 
are equal. | 

The determinant 


1 тә fg + Tin 
Ta l бз o fes 
A) 7 loo 


Tin Ton Tan o 1 
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is formed from the above table of correlations by writing unities in the 
blank spaces. Then the best weighted team for correlating as highly as 
possible with 2, is 


the signs continuing to alternate; and since it is only the relative weights 
which are needed, only Aj, — Аз, Aj, and so on need be calculated, 
where Лу, is the minor of 7, t.e. it is the smaller determinant which 
resulte from striking out the first row and second column of A, namely, 


fio fas eee Ton 
A= їз l ~- Ton 
Tin Ten e 1 


and similarly for Лу», ^, and so оп. Non-mathematical readers will find 
‘that the numerical example below will make this clear. 

The best numerical method for computing the determinants is that 
devised by Dr Aitken—it combines the best points in Chio’s method and 
Dodgson's (“Lewis Carroll” )—and published by him in the Transactions 
of the Faculty of Actuaries, 1931, vol. xm. It is explained below. 

The correlation В of the resulting team with the criterion z, will be 


a A 
R=a/1- A 
where A is the whole determinant, A, the minor obtained by striking 
out the first row and first column. 


Suppose for example the correlations are as follows (I take single 
figures for ease in calculating): 


21 № 23 % 
zm . ‘07 05 02 
э 07 . 06 04 
z, 05 06 . 05 
z, 0:2 04 05 
Then the complete determinant is 


1 0-7 05 02 
07 1 06 04 
0-5 06 1 OB 
02 04 05 1 
I shall explain Aitken’s method by computing this complete determinant. 
J. of Psych, хх. 1 5 
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Choose one of the elements of the determinant to act as the ‘pivot.’ 
In our work it is best to choose the second unity in the diagonal, italicized 
above, (a) because, being unity, it facilitates a later division, (b) because 
it keeps the work axisymmetrical, forming a check, and (c) because we 
can then simultaneously caloulate Ауу. 

Form a new and smaller determinant by calculating every ‘tetrad 
difference’ of which the pivot is a member and setting them down in - 
order. It is an advantage of the method that tetrad differences are 
usually needed in any case for other reasons, во that computation is 
economized. 

This new determinant, divided by the pivot, is of the same value as 
the old, ¢.e. 

0:51 — 0:08 0-08 


А=| — 0-08 0-64 0:26 | + Pivot (here 1). 
| 0.08 0-26 0-84 
For example 0-51 is (1 x 1 — 0-7 x 0-7), 


0-26 is (1 x 0-5 — 0-4 x 0-6). 
Now choose & new pivot in this determinant, either one which it is easy 
to divide by later, or again the second element in the diagonal. As a rule 
there will not be (since several decimal places will be used in practice) 
any easy divisor, so choose the second element in the diagonal (unless it 
is very small or otherwise peculiar) — — 

Repeat the process of calculating those tetrad differences of this 
smaller determinant which involve the new pivot, but before writing 
them down, divide them by the preceding pivot. (In our work this will 
not be necessary here, since we chose a unity for the first pivot, but the 
rule should be remembered, and it will be necessary at all later reductions.) 
We obtain 

0-3200 — 0:0720 


A = — i . " 
— 00720 04700 1 Pivot (064) 


For example, 0:4700 is (0-64 x 0-84 — 0-26 x 0-26). 
The process is repeated, if the original determinant is large, until, as 
here, we are left with a single tetrad. Finally 


A= 0:3200 х 0:4700 — (—0-0720)* 0-145216 
0-64 |. 0:64 
= 0-2269. 


If all the decimals have been retained it is a check that each division by 
a pivot should, as here, leave no remainder; but in the practical cases, 
®, 
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where the original correlations contain at least two decimals, it will not 
be usual to retain all the decimals unless a calculating machine is being 
employed. Logarithms are not recommended. A Crelle’s multiplication 
table is very useful. 

If the reader now looks back over the work he will see that A,, has 
simultaneously been calculated, and appears in the last stage as 0-4700. 
We have therefore, for the highest correlation which can possibly be 
obtained from the team 2, 2; and z, with x, the value 


A v: 0-2269 
dea ie = 1— omo = 9719. 


which is not & very great improvement on the largest single correlation 
(0-700) with which we started ; but sometimes theimprovement is marked. 

The weights which will give this correlation 0-719 are Л», — Aj, and 
Аа, and it will be found that parts of these have already been calculated. 


0-7 06 04 040 — 0-10 
Ag—-| 05 1 05 |= — 0-305 
02 05 1 0:05 0-75 
| O07 1 04 — 0:08 026 
Ag-| 05 06 05 |= = — 0:088 
02 04 1 0-08 0-84 
ол 1 06 040 0-64 
Ay=| 05 06 1 |= = — 0-072 
0:2 0-4 0-5 0:05 — 0-10 














(In each case one of the unities is chosen as pivot and has been italicised.) 
The prediction equation for т, is therefore 

305z, +. 8825 — 7224, 
or, dividing through by one of the weights 

4-242, + 1-220, — та. 
Notice that the marks of test x, are here subtracted—this arises because 
2, correlates во much more with its fellow members of the team than it 
does with the criterion 2j. 

« We have up to this point supposed that all the standard deviations 
are equal. As a rule this will not be the case, and the weights applicable 
to the actual raw scores will be 

Ав _Ав Au 


> 5 
Сз Оз с 
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Several other formulae are much simplified by the determinantal nota- 
tion and Aitken’s method of computation. For example, the partial 
correlation 





" Aas 
12.3456 д NN 
SUMMARY. 


This note draws the attention of psychologists and others to the 
advantages of the determinantal method of calculating regression co- 
efficients, partial correlations, etc., when Dr A. C. Aitken’s method of 
computation is used (Transactions of. the Faculty of Actuaries, 1931, 
vol. xm). 


(Manuscript received 20 February, 1932.) 


A GESTALT THEORY OF HUMOUR. 


By NORMAN R. F. MATER. 
(From the University of Michigan.) 


I. Preliminary observations (p. 69). 
II. Suddenness (pp. 69-71). 
ПІ. Objectivity (рр. 71-72). 
IV. The ridiculous (pp. 72-73). 

У. Summary (рр. 73-74). 


1. PRELIMINARY OBSERVATIONS. 


Tue literature on the subject of the humorous is profuse, but no satis- 
factory psychological theory is yet available. The existent literature has 
largely confined itself to pointing out certain characteristics in various 
humorous stories: incongruity is perhaps the most generally accepted 
characteristic, having been first pointed out by Aristotle. Our present 
purpose is to study the mental processes involved in the humorous ex- 
perience. No matter what the objective criteria of a joke are, it is not 
humorous unless a certain characteristic mental process is aroused by it. 
Classifying stories that arouse a humorous experience is therefore some- 
what artificial, and theories based on the selection of common elements 
are likely to be inconsistent and unsatisfactory. 


П. SUDDENNESS. 


The findings of Gestalt psychology combined with the results of 
certain experiments on reasoning, seem to explain the relevant mental 
` processes of the humorous experience. 

Wertheimer (1) has shown that the meaning of elements depends on 
the configuration of which they are a part. When the configuration 
suddenly changes, the meaning of the elements suddenly changes as a 
consequence. The writer has shown @, 3) that direction is a determining 
factor underlying the formation of configuration. A problem is always 
looked at from & certain point of view and this point of view determines 
what one will do about it (v.e. what direction one’s mind will take). 
À particular direction facilitates certain configurations and inhibits 


^ 
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others. Thus when we are presented with any facts we tend to organizé 
them in a certain way. Usually past experience gives us the point of 
view; we organize the facts accordingly and consequently miss & new 
organization or interpretation. А humorous incident is told so as to 
encourage a certain point of view. Then in the end we are given & con- 
clusion (an organization of the facts presented) which is very different 
from the one we anticipated. It is like the experience of insight except 
for certain differences which we shall point out later. 

When the final configuration is experienced in a humorous situation, 
it is due to direct stimulation. That is, we are told the conclusion; we do 
not have to find it. In reasoning the final configuration is found by the 
reasoner, and is therefore in harmony with his direction. Tf the solution 
to a problem is not found, but is shown to the person attempting the 
problem, then the experiencing of the configuration is that of under- 
standing. If the answer to the problem is not in harmony with the 
direction in his thinking, the solution comes as & surprise, and laughter 
‘often results. Suddenly finding the solution to а problem or having an 
unexpected answer shown to one is always pleasant if the feeling about 
the consequences of the solution are disregarded. Thus far we have dis- 
covered that the humorous experience and reasoning or understanding are 
not unlike. | 

Not only must a configuration be formed in a humorous experience, 
but in every case it must appear suddenly, the listener or reader having ' 
been unprepared for it. Because the reader is unprepared for the final 
‘configuration, it appears very suddenly and unexpectedly: the moment 
he sees the point of a story he is experiencing the final configuration and 
its resultant meanings. Since he has been prepared for something else, 
the unexpected configuration is a surprise: for a moment there is. con- 
fusion of thought, then suddenly the entire situation is clarified. 

The importance of suddenness in the humorous experience has been 
pointed out by nearly every writer on the comic. For example, Kant (4) 
accounted for it by his theory of the sudden release of strains of expecta- ' 
tion. Bergson(5) implies it when he stresses the machine-like nature of 
comic acts. Gilman(6) points out the necessity of the surprise element, 
but does not explain the nature of surprise. 

Theories of Incongruity also seem to imply the importance of sur- 
prise or suddenness. Incongruity generally implies lack of harmony 
between what we expect (on the basis of past experience) and what we 
see or what actually happens. This conflict between the concept and the 
percept appears suddenly. The story,suddenly leads to an ending which 
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is not in harmony with what was expected. There is thus incongruity 
between the beginning and the end of the story. 

If we say that the experiencing of an unexpected configuration is not 
in harmony with what we expected, and that configurations appear 
suddenly, then the present theory accounts for everything which theories 
of incongruity explain, without having the same limitations. 

But the unexpected and sudden appearance of configurations is not 
sufficient to characterize the humorous experience. Understanding may 
involve these characteristics, and suddenness may arouse fear as well as 
a humorous experience. We must therefore seek further differences 
between the humorous and the other experiences. 


III. OBJEOTIVITY. 
Bergson ((5) р. 139) points out that the content of humorous subject- 
matter cannot be subjective; it must be objective. This seems to be 
& very important observation, although he leaves it relatively un- 


developed. Plato, however, long before stated that wit and humour 


must be without pain. Later writers have also shown how certain 
emotions limit the field of the comic, but they have not insisted on pure 
objectivity. 

It is possible to experience humour only when we do not sympathize, 
or feel, or implicitly participate with the thing we regard as humorous. 
To see an old lady slip and fall on an icy pavement causes some to laugh, 
while others feel only sorrow. Those who laugh see the situation as ob- 
jective, and objectively there is no tragedy in the situation. Those who 
fear for the old lady's safety see the situation subjectively ; their emotions 
are aroused and for them it is humourless. We can laugh only so long as 


` our feelings and sympathies are kept out of the situation. 


In a moving picture comedy the hero is thrown out of a window and 
we laugh; in a tragedy the hero receives the same treatment and we are 


‚ terror stricken. What makes the difference? The difference lies entirely 


in the setting in which such behaviour is imbedded: and because of such 
differences in setting, our attitude in the one case is entirely objective, 
in the other case subjective. In the tragedy our emotions and sympathies 
are played upon and we feel for the hero; in the comedy we find no 
subjective content: we are aloof and merely look on. · 

Jf we ask people to tell humorous stories about their past adventures, 
we often hear tales of incidents which at the time of their happening were 
tragic. Events of our childhood, and even last year’s tragedies, are 
suddenly funny to us as we tell them to evoke laughter in others. Time 
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һай removed the subjective factors and we are therefore able to see the 
situation objectively. 


Objectivity, however, may also characterize productive thinking. In- 


fact, productive thinking differs from creative jmagination in that the 
elements of its configurations are largely objective. We must therefore 
seek further for a distinction between the humorous and the reasoning 
experiences. 


IV. THE RIDICULOUS. 


The distinction is found in the element of. the ridiculous which is 
present in the humorous experience, but which is not present in reasoning. 
This factor has been variously pointed out by different writers. For 
example, Kant(7) makes the strains of expectation become transformed 
into nothing. Gilman(8) points out that the comic often contains a 
comparison between the possible and the impossible or probable. 
Freud (9) refers to the pleasure in nonsense, and Sully 010) to the play 
attitude in the comic. 

These slight differences we wish to harmonize under the ridiculous, 
and show that the ridiculous plays a part in all humorous experiences, 
and not only in certain select cases. First, however, we must examine 
the nature of the ridiculous. 

The ridiculous is logical only within the bounds of certain facts. It 
appears logical in a certain setting, but as soon as we get out of the setting 
and take other facts into consideration, the logic is lost. Humour, 
therefore, may be inconsistent with reality as a whole. Tragedy is not: 
it has no element of the ridiculous. Because the ridiculous has only a 
limited logic, it is easy for us to take it lightly. It therefore encourages 


an objective attitude. We do not take а ridiculous situation seriously | 


because it is not meant to be part of reality. A ridiculous explanation of 
a problem in a humorous story is thus quite out of the realm of our 
experience, and it is therefore less likely to be anticipated. The final 
configuration, ‘the ridiculous conclusion of a story, can thus be ex- 
perienced with great suddenness. 

When a story is being told, we are willing to accept any assumptions 
so long as they are consistent one with another. Thus we accept the fact 
that the man in a funny paper is strong enough to lift a house, or to hit 
another man on the chin and knock him over the roof; but a person with 
logical sense cannot also accept the fact that this same strong man can 
be jerked out of a boat by a small fish at the end of his line. Such an 
idea does not harmonize with the other facts of the story, and therefore 


~ 
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disgusts the intelligent reader. If anyone treate situations of this kind 
as comic it is because he has not taken them as a whole, but enjoys each 
scene separately. 

The humorous situation is thus only ‘momentarily true’ for the facts 
presented: it need not be ‘true’ pragmatically. The humorous situation 
is then a very isolated thing, and its configurations are not to be taken 
seriously. They are not to be refuted, and for one to try and refute them 
indicates that one is without humour. Thus when we say that an in- 
dividual has no sense of humour, we mean that he cannot accept a 
situation as being only ‘momentarily true.’ That is, he insists upon 
applying the pragmatic test to every situation. Productive thinking, 
although it may deal with an isolated situation, must bein harmony with 
other experiences and data outside the bounds of that situation. Its 
configurations must be subjected to generalization: they must be true. 
Science deals with universals; these are profound and affect our lives. 
Although the elements making up configurations in science are often 
entirely objective, the configurations themselves arouse the subjective 
.reaction. The configurations become evaluated and evaluation always 
involves a subjective reaction. In that the contents of the ridiculous are 
isolated from reality and its assumptions willingly accepted, it resembles 
a play attitude. The ridiculous element of the humorous experience 
therefore accounts for what Sully regards as the play element in the 
comic. 

The importance of the ridiculous was definitely stressed by Kant 
when he wrote: “Humour in the good sense means the talent of being 
able to put oneself voluntarily into а certain mental disposition in which 
everything is judged quite differently from the ordinary method (re- 
versed, in fact), and yet is in accordance with certain rational principles 
in such a frame of mind”). He also stated that “Jest must contain 
something that is capable of deceiving for the moment" (12). 

Thus in the limited and definite sense in which the ridiculous has been 
explained above, humour differs from reasoning or understanding only 
in so far as it contains the elements of the ridiculous. 


У. Summary. 


The thought-configuration which makes for a humorous experience 
must (1) be unprepared for; (2) appear suddenly and bring with it a 
change in the meaning of its elements; (3) be made up of elements which 
are experienced entirely objectively (no emotional factors can be part of 
the configuration); (4) contain as its elements the facts appearing in the 
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story, and these facts must be басова, explained and pnified; and 
(5) have the characteristics of the ridiculous in that its harmony and 
logic apply only to its own elements. 
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ERRATUM. 
In “Further Notes on the Single General Factor in Mental Measurements,” by 
J. C. Maxwell Garnett, in this Journal (1932), xxu, formula (1) оп р. 364 should 
read: 


r Д f, fi 
fae Te instead of 29. %0, 
Tad Ты Tad Tea 


PUBLICATIONS RECENTLY RECEIVED. 


The Social Life of Monkeys and Apes. By В. Zuckerman. London: Kegan 
Paul, Trench, Trubner & Co., Ltd. 1932. Pp. x + 357. 15s. net. 

This interesting study of monkey society is based principally upon detailed ob- 
servations of the behaviour of colonies of the Hamadryas baboon, and especially of 
the colony living on “Monkey Hill” in the London Zoological Gardens. The author 
considers that the social life of monkeys resembles that of humans, and is differentiated 
from that of the lower mammals, in that it is conditioned by an uninterrupted re- 
productive life; there is no reliable evidence of any demarcated breeding season, 
although the sexual attractiveness of the female varies with the phases of the menstrual 
oyole. The sexual behaviour of the baboon is extremely diffuse and varied, beginning 
long before puberty. Its exact nature is frequently determined by the interaction, in 
в society based upon dominance, of the dominant qualities of any animal with those of 
its fellows: ing to lack of intelligence, the social behaviour of monkeys is determined 
reflexly, rather than by any ideational thinking, a characteristic which differentiates 
it from human behaviour. Apart from this qualification, there is an almost startling 
resemblance between the monkey and the human societies. These most interesting con- 
clusions are admirably brought out by the author, though some of his deductions 
should perhaps be qualified by the fact of the great and unnatural predominance of 
males over females in the societies which he has studied. This otherwise excellent book 
would, however, be improved by the omission of certain repetitions, and of its un- 
necessarily detailed treatment ab the physiology of reproduction. ; 


Experimental Psychology. By JonawwEs Linpworsky. Trans. by Harry В. 
De Silva. London: George Allen & Unwin. 1931. Pp. xix + 406. 


Prof. Lindworsky's excellent general survey of psychology was first published in 
1923 and is already well known in this country. te indeed rather a stretching of 
terms to speak of the book as “experimental psychology.” For the author is obviously 
most keenly interested in those aspects of psychological study which are least of all 
amenable to exact experimental treatment. But, as everybody now knows, he is 
throughout clear, judicious, unbiased and anxious above all to keep closely in touch 
with fach, On the side of the study of the special senses most students will find his 
book hardly adequate. All readers however will find very much to learn from his 
treatment of the “higher mental achievements,” and the socially influenced mental 
rocesses. It is, in fact, for its full discussion of these topics that the book stands out 
m most of the other text-books in the subject. 
Dr De Silva has accomplished difficult task of translation exceedingly well. 


A History of Psychology in Autobiography. Vol. п. Edited by C. Мопонівон. 
Clark University Press. (London: Humphrey Milford.) 1932. Pp. xv + 
407. 288. net. 


No doubt every psychological library already possesses a standing subscription to 
this very important series of volumes. But if there are any that do not they should 
hasten to obtain one. Teachers will get much entertainment and help and students в 
great amount of stimulation from their pages. This volume contains autobiographical 
notes by: Benjamin Bourdon, James Drever, Knight Dunlap, Guilio Cesare Ferrari, 
Shepherd Ivory Franz, Karl Groos, Gerardus Heymans, Harald Hoffding, Charles 
H. Judd, C. Lloyd Mo Walker B. Pillsbury, Lewis M. Terman, e ES Floy 
Waahburn, Robert S. Woodworth and Robert Mearns Yerkes. They are all intensely 
interesting in very different ways, and perhaps they might be made the material of a 
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useful experiment upon the reliability of an autobiography'as an indicator of per- 
sonality and temperament. Perhaps it is inevitable that they should leave a general 
impression that psychologists in general “think no small beer” of themselves. But at 
the same time they give a very pleasing indication of readiness, even anxiety, to give 
credit where credit is due, and of в refreshing willingness to be as frank as possible. It 
is interesting that most of the authors—and there are many—who trace their early 
inspiration to Wundt—especially disclaim the very things for which Wundtian teaching 
has recently been most violently attacked. Another interesting feature is the almost 
universal disapproval of the more wild aspects of behaviourism. In one respect it seems 
bable that future histories in autobiography will differ very markedly from this. 
ith hardly an exception, all the psychologists represented here found their way into 
psychology through some study or other of related branches of philosophy. Perhaps 
that has something to do with the mass of ‘systems’ that are current nowadays. It 
will be a matter of profound interest to see what will happen as the leadersin psychology 
come more and more from men and women trained in the methods and ideals of 
positive science. This book, and ite fellow volumes, should be available for every 
student of psychology. 3 


Fields of Psychology. A Study of Man and his Environment. By G. D. Hiean- 
son. London: Grant Allen & Unwin, Ltd. 1931. Pp. xviii + 613. 15s. net. 


This is & very comprehensive general text-book of psychology addressed to the 
student who has already some knowledge of the subject. It deals with systematic 
studies: structural and functional psychology, behaviourism and the Gestalt school. 
Next it takes up problems of development discussing in general the significance of 
evolution for psychology, the characteristics of animal behaviour, the growth of the 
human race, the development of the individual, and the psychology of the social group. 

-A third part takes up problems of applied psychology in education, industry, the 
economics of distribution and law. Finally it considers problems of abnormal psy- 
chology. The general point of view throughout is functional and the author is admirably 
on his guard against undue systematisation. Rather too much ground is covered for 
anything to be done very thoroughly, but the writing is clear and interesting, and 
some very good bibliographies are given. А 


L Année Psychologique. Publié par Henri Ртќвом. Paris: Félix Alcan. 1930. 
Tome тапа п. Pp. 1111. 120 fr. 


The original articles in this volume are as follows: “ Ро blind people possess a sense 
of obstacles?" by W. Dolanski; “The visual threshold of duration," by G. Durup 
and A. Fessard ; ^ Auditory theory," by G. v. Békésy; “А contribution to the study of 
gifted children," by О. Decroly and M.-L. Wauthier; "The development of visual 
representation in relation to the injtial impression," by M. Rostohar; “Notes on the 
technopsychology of industrial work," by L. Walther; “Contributions to the study 
of the course of learning," by D. Heller-Kowarski, L. Kowarski and M. Frangois. 
Shorter notes .appear as follows: “The notion of validity," by А. Fessard and H. 
Piéron; ‘‘Subjective factors in examiners’ judgments,” by A. Laugier and D. Wein- 
berg; “А measure of motor suggestibility," by J.-M. Тару; “The minimum measures 
necessary for gauging a test," by A. Fessard and H. Piéron. There are also brief 
abstracts of 1690 articles, and the usual chronicle of events. This number fully main- 
tains the very high reputation won by the earlier issues. 


Meaning and Change of Meaning, with Special Reference to the English Language. 

a Gustar Srem. Göteborg: Wettergren and Kerbers. Göteborgs 
ögskolas Årsskrift, хххуш, 1931. 

It is impossible within the limits of a brief notice to do justice to this exceedingly 

able and valuable monograph. Every psychologist who is interested in those problems 

of speech which have to do with its functions in the expression and transmission of 


~ 
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meaning should read it with care. He will find a large number of original and striking 
illustrations, an admirable account of many different theories, and a balanced judg- 
ment concérning numerous disputed points. He will find also a great many matters 
which, if he has the will and the skill, he might set to work to investigate by experi- 
mental methods. The book is a notable contribution to its thorny topic and should 
become widely known. There is an excellent bibliography, though it is not, and perhaps 
could hardly reasonably claim to be, complete. 


Urteil und Beurteilung. Von WALTER BLUMENFELD. Dritter Ergüánzungsband, 
Archiv f. d. Gesamte Psychol. Leipzig. 1931. 2 vols. Part 1, В.М. 26; 
part п, В.М. 22. 


The first volume is mainly concerned with an exhaustive analysis of philosophical 
and psychological theories of judgments and the judging process. The final ы, диган 
is the somewhat negative one that all these theories are inadequate because all are 
necessarily one-sided. The epistemological approach suffocates in its armoury of 
definitions as soon as it is put to the test of the real world of objects; the phenomeno- 
logical approach fails on the epistemological aide. The only hopeful way out of the 
tangle is exhaustive experimentation on the processes that precede the act of judg- 
ment. This way is taken in the sécond volume. Experiments are described on the 
comparison of series and groups of points, the perception of movement, and the 
classification of figures. It is shown that the processes of judging depend on the 
structure and order of the qualitative series, the position of the differential steps in 
the series, and on the attitudes of the person making the comparisons. These resulta 
are of value in again forcing us to realize the importance of attitudes in all judgments 
as to the order of merit of children and their work, or in the ordering of psychotechnic 
test results. i 
The experimental resulte have & ing on the Weber-Fechner law, which is 
again confirmed in its broad principles. In discussing the theoretical implications of 
his results the author thinks he has found a great deal of correspondence between 
weakly damped vibrations and the description of judgments in terms of the typical 
experiences of doubt that precede them. There is no analogy to chemical processes, he’ 
says, and we must therefore agree with Kóhler as to the electrical properties and 
rocesses in the whole nervous sector from the peripheral organ to the central organ. 
ere the author, whose criticisms are usually clear and cogent, would seem to have 
fallen into the same error as the 'Gestaltists. He has substituted causal for onto- 
logical analogies. . 


The Scientific Basis of Social Work: А Study in Family Case Work. Ву 
Macvrice J. КАБЕРЕ. New York: Columbia University Press. (London: 
Humphrey Milford.) 1931. Pp. xix + 424. 248. 6d. net. 

The author disousses the following questions: What knowledge do social workers 
need? What knowledge do social workers use? What knowledge do social workers 
receive? How may social work acquire a scientific basis? The whole forms a valuable 
survey of the present aims of Social Work in America, and of the of training 
which the social worker is offered. While the author is convinced of the extreme 


. importance of organized efforts to secure social amelioration, he is very well alive to 


the inadequacies of present methods and the training upon which they are based. His 
actual suggestions are, as is perhaps inevitable, somewhat less definite than his 
criticism, but as a balanced, reasonable and constructive survey the book is to be 
welcomed. | 


Constitution-Types. т Delinquency. Ву W. А. Уплимзе. London: Kegan 
Paul, Trench, Trubner & Co., Ltd. International Library of Psychology, 
etc. 1932. Pp. уш + 266. 15s. ` : 


The considerable growth of “фуре” psychologies has been a leading characteristic 
of recent psychological and clinical study and speculation. This book is based mainly 


e 
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on the “‘constitution-typology” of Kretschmer, but makes use also of the different 
classifications of Jaensch, Pende, Berman, Heymans, Wiersma and others. The various 
doctrines discussed are very clearly described and the claims made for them considered. 
In general the author's attitude is favourable, but his many incidental oriticisms are 
often well directed. The original part of the book consiste of a large number of first- 
hand case studies. Although these are full of interest one gets an impression, as in 
much of this type of work, of a certain lack of thoroughness in clinical examination, & 
certain willingness to accept somewhat obvious groupings as of fundamental import- 
ance. Still the book collects a great amount of material, and contains numerous sug- 
gestions that should be followed up by further study. It is undoubtedly an important 
contribution to this rapidly growing branch of psychological study. 


The Defeat of Baudelaire. Ву Вим ГлтоваоЕ. Trans. by Herbert Agar. 
London. 1932. The Hogarth Press. International Psycho-Analytical 
Library, No. 21. Pp. xiv + 192. 10s. 6d. 

This excellently translated book is “a psycho-analytical study of the neurosis of 
Baudelaire." Baudelaire provides plenty efe easy material for the psychoanalyst and a 
great amount of this is made use of with much skill in the present study. The primary 
root of Baudelaire’s troubles is said to be a profound Oedipus complex. Numerous 
illustrations are given both from Baudelaire’s life and from his writings. The study is 
particularly well written. There is an interesting, if somewhat one-sided, chapter on 
the psychology of artistic creation. 


What Infe should mean to You. By ALFRED ADLER. London: George Allen 
& Unwin, Ltd. 1932. Pp. 300. 10s. 64. net. 


Dr Adler must find the writing of books exceedingly easy. At any rate he produces 
a large number of them, and they all bear a close family likeness. This one contains 
much good advice and many stories of his successful dealings with his patients. In spite 
of his long catalogue of life’s troubles they are all made to appear rather simple; 
“Individual Psychology has found no problems in life which cannot be grouped under 
these three main problems—occupational, social and sexual." Hence, we are left to 
believe, there are no others. These three classes of problems are further simplified, for 
they all arise from ‘the fact that individuals, being clearly or obscurely aware of & 
weakness in some particular direction, react in the opposite way and in an e: ted 
manner. Most of the abundant moralising is quite good and may haye sounded very 
convincing on the public platform. In a book much of it appears thin and drawn out, 
and in practice it will be less simple than it seems. 


Speech Pathology. By Lee Epwarp Travis. London: D. Appleton & Co. 
1931. Pp. xxxiv + 331. 18s. 6d. net. 


The best part of this book is its practical part. After a somewhat scrappy and not 
over clear discussion of the neuromuscular basis of speech and of the causes of speech 
. disorders, Dr Travis gives an excellent detailed description of the technique of h 

examinations, and embarks upon a deeply interesting disoussion of stuttering. He is 
convinced that stuttering is fundamentally due to some loss of central function, but 
here, also, the theory is extremely speculative and the exact mechanism involved is 
never made very clear. The book owes its real justification to the facts which he has 
collected concerning stuttering and to the author’s accounts of his methods of treat- 
ment. These deserve to be widely read, and will be of great value to all who are in a 
practical sense concerned in the study of defects of speech. 


Abnormal Psychology: its concepts and theories. By Н. L. Ношлмамовтн. 
London: Methuen & Co. 1931. Pp. xii + 556. 15s. net. 

A sound genera] introduction to abnormal psychology, free from the exaggerations of 

any partioular controversial theory, was very greatly needed. Prof. Hollingworth has, 
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in this excellent book, almost, if not quite, supplied the need. The volume is con- 
sistently readable, well balanced and very well informed. Clear accounts are given of 
practically all the important methods and theories in the wide field that is covered, 
and perhaps also of some unimportant ones. Wherever critical remarks are called for 
they are given in & careful and lucid manner. There is a bibliography which on the 
whole is admirably selected. 

If anything the volume is a little on the long side. This is due less to the com- 
prehensive survey attempted than to a certain king for a somewhat leisurely style. 
The book could be improved by a careful pruning. But as‘it is, it is much better 
than most of the existing texts, and it shout speedily take its place as a very widely 
read account suitable both for the educated general reader and for the student. 


A Teat-book of Psychiatry for Students and Practitioners. By D. K. HENDERSON 
and В. D. бплезртв. Oxford Medical Publications. 1932. Pp. ix + 595. 
1932. (Third edition.) 18s. net. 

Itis most encouraging to find a third edition of this very excellent text-book already 
demanded. The authors have added a chapter on the Psychiatry of Childhood which 
forms a sane and good introduction to this subject. They have also dealt briefly but 
clearly with some of the legal questions involved in psychiatry in tho light of recent 
enactments. For the rest the whole book has undergone a careful revision, and in 
particular, a good deal has been added to the discussion of Epilepsy. There is certainly 
no better book than this as a general introduction to psychiatry. It maintains a 
consistently high standard throughout. 


Clinical Psychology. Studies in Honour of Lightmer Witmer to commemorate the 
thirty-fifth anniversary 4 the founding of the First Psychological Clinic. 
Edited by Вовевт A. BROTEMARKLE. Oxford University Press. 1931. 
Pp. xxi + 409. 20s. net. 

This interesting volume contains the following studies: "Lightmer Witmer: а 
biographical sketch," by Joseph Collins; “History of the Psychological Clinic,” by 
8. W. Fernberger; “Mental Deficiency," by Е. N. Maxfield; “Тһе Superior Child,” 
by Alice M. J. Rockwell; “Тһе Pre-School Child," by Dorothy K. Hallowell; “School 
Levels,” by Miles S. Murphy; “The Correction of Speech Defects,” by E. В. Twitmyer; 
“Special Education,” by Gladys С. Ides; “College Student Personnel Work," by 
R. A. Brotemarkle; “Industry,” by М. В. Viteles; Individual Mental Testing," by 
Н. J. Humpstone; “Group Mental. Tests,” by Reuel H. Sylvester; “Psychobiochemis- 
try,” by Н. E. Starr; “Diagnostic Education,” by A. Phillips; “Private Practice,” by 
David Mitchell; “General Psychology,” by 8. Smith; “Тһе Principles of Education,” 
by Anna J. McKeay; “The School Counsellor,” by Anna E. Biddle; “College Admis- 
sion,” by Karl Q. Miller; “Teacher Training,” by J. D. Heilman; “Teacher Training 
for Special Education,” by Е. H. Reiter; “ТЬе Social Sciences,” by Е. Paschal; 
“Social Service Work,” by Charlotte E. Grave; “Moral Training,” by Earl S. Rudisill; 
“Conduct Problems,” by Clara H. Town; “Criminology,” by R. H. Gault; “Religious 
Experience,” by Dallas E. Bazby. Then also three reprints of papers by Dr Lightmer 
Witmer: “Clinical Psychology”; “Оп the Relation of Intelligence and Efficiency " and 
“Psychological Diagnosis and the Psychonomic Orientation of Analytical Science.” 


Anger in Young Children. By Firorznce L. GoopzNouam. University of 
Minnesota Press. 1931. Pp. xiii + 278. $2.60. - 

This is а very valuable monograph consisting of an observational study of fairly 
wide r . The incidence of anger outbursts in male and female children, their fre- 
quenoy, duration, conditions and after effects are all investigated and the results of the 
investigation set forth olearly with a minimum of speculation. Methods of control 
generally adopted and their apparent efficacy are also reported. There is & sensible 
chapter of the “parent-child relationship.” A bibliography is appended. 
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The Children we Teach: Seven to Eleven Years. By Susan Isaacs. London: 
University of London Press. 1932. Pp. 176. 3s. 6d. net. 


Dr Isaacs has here produced an exceedingly good short book, excellent alike for 
parents and teachers. She is concerned directly with the outstanding characteristics 
of children of в relatively early age in relation to their education. She deals first with 
Individual Differences, then НВ Sooial Development and finally with Intellectual 
Development. All her points are expressed with remarkable lucidity and without 
forbidding technicality. She is always ready with first-hand illustrations and she 
preserves a wholly admirable openmindedness throughout. The last section on In- 
tellectual Development is particularly good and timely and should go far to correct 
current opinions, which seem to be based largely on the adult desire to demonstrate 
his superiority. The book can be recommended without reserve. . 


Education of the Backward Child. By D. KeNNEDY Fraser. London: Uni- 
versity of London Press. 1932. Pp. 254. 68. net. 

The bent of this book is practical. The author discusses backwardness and how it 
may be diagnosed, deals with its relations to organization in school and class, and 
tackles the special problems of teaching language, oral and written, handwork, read- 
ing, composition and number. He deals briefly also with older children, and with the 
mongol, and concludes by & consideration of the teaoher's attitude. Careful illustration 
is given whenever recommendations are made. 


Experiments in Educational Self Government. By A. L. Gorpon Maokay. 
London: George Allen & Unwin, Ltd. 1931. Pp. 272. 7s. 6d. net. 


The author wrote the book as a result of a direct experimental attempt by himself 
to conduct classes, both in School and at the University, во as to allow the greatest 
possible scope for. individual and group self government. The account is deeply in- 
teresting and raises a large number of attractive psychological problems. ery 
teacher would probably be the better for reading it, and psychologists will find in it 
much worthy material for their study. Sufficient, detail is given to allow anybody who 
cares to attempt a repetition of the experiment. 


A Handbook of Child Psychology. Edited by Cant Murcuison. Clark Uni- 
versity Press. International University Series. 1931. (London: Hum- 
phrey Milford.) Pp. хи + 711. 22s. 6d. net. 

Once again Prof. Carl Murchison has performed a good service to psychology. Не 
has collected and edited а series of interesting articles which cover & large field of 
child psychology. It is inevitable that the essays should be of varying merit, but most 
of them are the direct outcome of original and first-hand observation and the whole 
forms a notable contribution to ite rapidly developing subject. The topics and authors 
are as follows: “The Methods of Child Psychology,” by J. E. Anderson; *'Eating, 
Sleeping and Elimination,” by Helen T. Woolley; “Тһе Conditioning of Children's 
Emotions,” by Cover Jones; Environmental Forces in Child Behaviour and 
Development," by Kurt Lewin; “Тһе red Construction of ап Environment 
Optional for Mental Growth," by Susan ; “The Developmental Psychology of 
Twins,” by A. Gesell; “Order of Birth in Relation to the Development of the cma.” 
by Н. E. Jones; “Physical Growth and Motor Development and their Relation to 
Mental Development in Children,” by Beth L. Wellman; “ nguage Development,” 
by Dorothea McCarthy; “Learning in Children," by J. Peterson; "Children's Philo- 
sophies,” by J. Piaget; ““The Social Behaviour of the Child,” by Charlotte Bühler; 
“Children’s Morals,” by V. Jones; ‘‘Children’s Drawings," by Florence L. Goodenough; 
“Children’s Plays, Games and Amusements,” by Helen Marshall; “Children’s Dreams,” 
eu W. Kimmins; “Psychoanalysis of the Child,” by Anna Freud; “Тһе Gifted 

ild,” by L. М. Terman; ‘‘Feeblemindedness,” by В. Pintner; “Special Gifts and 
A Deficiencies,’ ~by Leta В. Hollingworth; «nthe Eidetio Child," by H. Klüver; 
“The Primitive Child," by Margaret Mead. T 
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Diary of a Child's Гаје. By Упнегм Rasmussen. Trans. by Margery Blan- 
chard. London: Simpkin Marshall, Ltd. 1931. Pp. 187. 6s. net. 


This is an account, slightly written up from notes made at the time of observation, 
of the developing life of a girl from the first to the fourteenth year. It is interesting in 
itself, though the observations are not particularly penetrating, and a good many of 
them are very slight. It is greatly to be hoped that the author's desire that his diary 
should stimulate many others to keep similar records may be realized. The most 
valuable part of this record is the early part. | 


Те Choc de Patriotismes: Les Sentiments Collectifs et la Morale entre Nations. 
Par Epmonp Privat. Paris: Félix Alcan. 1931. Pp. vii + 179. 15 fr. 

This little book is exceedingly well worth reading. It is written with a sort of 
breathless enthusiasm and spirit, and with very remarkable decisiveness. M. Privat 
rapidly traces the growth of national patriotism and illustrates its consequences in the 
modern world in many different directions. His thesis is that two apparently opposed 
movements have grown up in society. The one develops a narrow but vigorous group 
sentiment, and the other a wider kind of collectivism. He thinks that both are likely 
to continue, but that probably they will tend in the future to come more closely 
together. While there is nothing very new in his argument, his way of stating it is 
striking, and he makes numerous statements which will provide the social psychologist 
with much food for thought. А 


Youth and Sez. By Мвүвок Boots. London: Grant Allen & Unwin, Ltd. 
1932. Pp. 224. 5s. net. 


This book is put forward as “а psychological study.” It is in faot a rather popularly 
written discussion, interesting enough to read, from which nothing very definite 
emerges. The main upshot appears to be that the modern world is in very rapid change, 
that ourrent social and moral values are exceedingly indefinite, that there is & tendency 
to emphasize far too strongly an ideal of one emancipation from all forms of 
social control, and that these put together produce some difficult problems. 


The Mind in Conflict. By В. А. HowpEN. Oxford University Press. 1931. 
Pp. xiii +82. 28. 6d. net. 


This book is described as “А simple explanation of how modern Psychology sets 
out to solve Nervous difficulties and Problems." On the whole it is clear and unbiassed 
and about as “simple” as could reasonably be expected. It is to be hoped that nobody 
will think that the methods described and recommended are particularly “simple” in 

ractice. An interesting and appreciative foreword is contributed by Dr William 
rown. 


P 


The Development of the Serual Impulses. By В. E. Момех-Кухвги. London: 
Kegan Paul, Trench, Trubner & Co., Ltd. 1932. International Library of : 
Psychology, etc. Pp. ix + 219. 10s. 6d. net. 

Dr Money-Kyrle's discussion contains far more than is indicated in his title. This 

is evident from the chapter headings which are: The Nature of Psychology; The Im- 

pulses of the Organism; The Phylogenesis of Impulses; The Development of Cultural 

Impulses; The Ontogenesis of ME woe and The Effeote and Value of Psychology. 

Nothing very new emi from the first two chapters. Psychology is said to study 

the causal series, stimulus—cerebral process—reaction, and since it is as much, or 

more, interested in the correlation series cerebral processes—consciousness, the middle 

term of the three may always be equally well putin conscious terms. The argument seems 

to be formal and logical. It is the study of these interpolated conscious processes 

which leads to the consideration of organic *impulses" which occupies the second 

chapter. The remainder of the book is concerned with а, study of the development of 
e 
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the specific impulses of sex in the race and in the individual, in а biological and in a 
cultural sera he point of view is that of a convinced paychoanalyst. The study itself 
is clear, careful, very well written, unexaggerated and excellent of its kind. Within its 
limits it is difficult to see that more could have been done, though a critical reader will 
often wish for greater detail and more rigorous proof. The final chapter, which very 
admirably states the bearing of psychoanalytic doctrine upon religion, morals and 
social philosophy will be of great interest to every thoughtful reader. To most people 
the general issue will appear to be extremely imistic. “Desires,” says the author 
in his last sentence, “аге also satisfied when they are destroyed.” But it may be that 
this is a formal and empty kind of satisfaction, far removed from anything upon 
which а normal human being could set much value. 

' Nevertheless this is a very good book. 


: Sex Hostility in Marriage. By Тн. H. Van ре VELDE. London: William 
. Heinemann, Medical Books, Ltd. 1931. Pp. xvi + 296. 17s. 6d. net. 


Tt is difficult to evaluate this book. The style of the writing will inevitably antago- 
nize many readers for it is often unnecessarily sentimental, ost always extremely 
discursive and often much more indirect than it need be. Further, the author, in spite 
of & $ amount of knowledge of his subject, is often rather out of his depth on the 
psychological side, and not quite equipped with the necessary background to make him 
a judicious critic of many rather ill-founded current views. Yet again some of the 
writing, especially on the psychological side, when doctrines of “types” come on the 
field is over-technical for the general reader. In spite of all this the book should do a 
lot of good, especially if it is read, as is intended, together with its companion books, 
Ideal Marriage and Fertility and Sterility in Marriage. Sex Hostility deals with topics 
that are of profound importance and are in general little understood and little dis- 
cussed. Though the discussions here are longer than they need be, they should bring 
enlightenment to many, and may set a few upon lines of original investigation that 
are greatly needed. They cover a very large variety of different topics, but throughout 
a practical aim is kept closely in view: to teach the avoidance, as far as possible, of the 
disasters that may follow sex hostility in marriage. 

The translation by Hamilton Marr is competent. 


The Sex Factor in Marriage. By HELENA Wriaut. London: Noel Douglas. 
1930. Pp. 100. 3s. 6d. net. : | 


In every possible way this is an extraordinarily good and useful little book. It is 
concise, clear, untechnical, it avoids all the sentimentality which often disfigures 
books on this kind of topic, and it gives exactly the sort of information which the 
ordinary young married person needs but usually cannot get. It contains no preten- 
tious "psychology" but what is said about the mental aspects of sex in marriage is 
thoroughly sound. Nothing is shirked and everything is put straightforwardly and in 
а, direct manner. In fact it is difficult to see how the author’s purpose could possibly 
have been better achieved within the limite of space that she has set herself. Dr 
Wright is to be congratulated upon a very excellent and valuable piece of work and 
her book should be very widely read by those to whom it is addressed. 


Discovering Ourselves: А view of the Human Mind and how tt works. Ву Е. A. 
STREAKER and К. E. APPEL. London: Chapman & Hall, Ltd. 1932. 
Pp. ix + 306. 15s. net. 

“This book," say the authors, “ів meant to be entirely practical. It is not written 
for pegobologicta or La orr е It does not aim to discuss theoretical questions.” 
In faot it tries to deal with many common problems of conduct in an excessively 
popular manner. Like many other such books it may be of some use to the general 
reader, and it is certainly, if its many diagrams are excepted, easily intelligible. But, 
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also like many similar books, it has a way of making the correction of undesirable 
conduct appear a lot simpler than it really is. Taken "by and large” as the authors 
might say, it seems as if quite sufficient books of this type have now been published. 


Psychology at Work. Edited by Paun S. Acuuzs., London: McGraw НШ 
Publishing Co., Ltd. 1932. Pp. xiii + 260. 10s. 6d. net. 

Here are a series of essays or lectures by seven American psychologists: (1) Psy- 
chology and the pre-School Child, by L. H. Meek; (2) The Study and Guidance of 
Infant Behaviour, by Arnold Gesell; (3) obology and Education, by Arthur J. 
Gates; (4) The Foundations of Personality, by M. A. May; (5) Psychology and the 
Professions, Medicine, Law and Theology, by W. R. Miles; (6) A гад In- 
dustry, by M. B. Viteles; (7) Psychology in Relation to Social and Politic blems, 
by F. H. Allport. The essays are naturally of variable value but they are all worth 
reading and some of.them are very interesting indeed. The book should have & con- 
siderable appeal to the general reader, and will also be of use to the student. 


The Province of Logic (an interpretation of certain parts 4 Cook Wilsons 
* Statement and Inference”). By Блонлвр Rozinson. London: George 
Routledge & Sons, Ltd. 1931. 108. 64. 

To the student of philosophy this book is valuable because it is a very lucid ex- 
position of Cook: Wilson'8 approach to the problems and the field of logio. But there 
is little in it to attract the experimental psychologist. According to Cook Wilson, 
logic is the consideration of the nature of thinking about thinking. Hence the methods 
most characteristic of psychology are not applicable to it. As long as psychology con- 
fines itself to the experimental methods it now uses, it cannot include the study of the 
nature of thinking, since thinking about thinking is not discovery but recognition; 
and discovery is а priori. Contrary to accepted philosophical doctrine, however, Cook 
Wilson asserts that thinking is jmpossible without perception or imagination. Itis a 

. pleasure to read Robinson’s beautifully lucid development and exposition of this 
thesis, and a relief to the psychologist to find that, after all, "psychology is practically 

necessary to logic.” . 


The Emergence of Life: being-a Treatise on Mathematical Philosophy and 

Symbolic Logic by which a new Theory of Space and Time +s evolved. By 

. Jonn Вотьвв Burre. Oxford University Press. 1931. Pp. ix + 396. 
308. net. 


The Mystery of Life. By Jonn BurLer Вовки. London: Elkin Mathews: The 
Library of New Ideas. 1931. Pp. 159. 3s. 6d. net. 


A Philosophy in Outline. Ву Е. 8. Вимметт. London: Kegan Paul, Trench, 
Trubner & Co. 1931. Psyche Miniatures General Series. Pp. 160. 2s. 6d. 
net. à | 
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Ganzva, R., Ph.D., Bd. Dondoukov, 97, Sofia, B 

Gans, Mrs HOWARD, 25, East 77th Street, New York City, U.S.A. 

GARDNER, Mra E. A., B.A., Stamford House, Wimbledon Common, В. W. 19. 

Gaxzxzrr, J. С. M., МА, So.D., 21, Well Walk, N.W. 3. 

Gaw, Miss FRANOBS, B.A., Ph.D. (Lond.), Child Study Dept., Seattle "Publio 
Schools, Seattle, Washington. | 

Ствзом, Н. C., M.B., 15, Comiston Terrace, Braid Road, Edinburgh. 

GILBERT, Sister MARY, M. А., Notre Dame College, Dowanhill, Glasgow, У. 2. 

Guixsprm, R. D., M.D, Oh.B., D.P.M., 25, Upper Wimpole Street, W. 1. 

GINSBERG, Prof. M., Е D.Litt., London School of Economios, Houghton 
Street, Aldwych, W Y 

N., M.B., . (Lond.), Northumberland House, Finsbury 

Park, N. 4. 
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GrgAvzs, E., M.So., M.Ed., M.B., Ch.B., St John’s Chambers, 12, St John’s 
Street, Manchester. 

Gross, Miss Нигин O., B.A., 58, Bartholomew Road, N.W. б. 

GLOVER, Epwarb, M.D., 18, Wimpole Street, W. 1. 

Соор, T. 8., M.R.O.8., L.R.O.P., Oxford County and City Mental Hospital, 
Littlemore, nr Oxford. 

a ag GEORGE, B.Sc. (Еооп.), Lond., 8, Aberdeen Court, Highbury, 

Gorpon, В. G., M.D., F.R.C.P., 9, The Circus, Bath. 

GosscHALK, Miss Joan, B.A., 38, Hereford House, North Row, W. 1. 

Gosss, Miss E. T. ` 

GoursTON, Mrs B., B.A., 75, Cornwall Gardens, S.W. 7. 

оне Ерттн M., B.A., Principal, St Katharine’s College, Tottenham, 

Grant, Miss C. R., B.Ed., M.A., 14, Greenhill Terrace, Edinburgh. 

GREEN, G. H., B.Sc., MA., Ph.D., Dept. of Education, University College 
of Wales, Aberystwyth. ў 

Свянкных, E., 68, Glencairn Drive, Glasgow, В. 1. 

Свита, J. Y. T., M.A., D.Litt., Armstrong College, Newcastle-on-Tyne. 

GREWAL, Miss D. K., M.A., c/o Psychology Laboratory, University College, 
Gower Street, W.C. 1. 

Свтетттн, PEROY, М.Т.С.Е., F.G.S., Е.К.8.1.; 39, Viotoria Street, S.W. 1. 

Овіғетгнз, Miss R., B.A., Abulslea Street, Wilston, Brisbane, Australia. 

Овтва-Ѕмттн, Rev. T., M.A., Warley Vicarage, Halifax. 

Gainpiey, Q. C., M.A., В.бо., Psychologia Laboratory, Cambridge. 

HADFIBED, J. A., M.B., 9, Harley Street, W. 1. 

Наган, Mrs Guapys, D.Sc., Broad Clyst, Ashoombe Avenue, Surbiton. 

Нлмптон, Е. R., M.A., B.Sc., University College of North Wales, Bangor. 

Hamuyn, Mrs P., 38a, Clanricarde Gardens, W. 2. 

Нлммивтон, Miss E., B.So., 51, Warri Road, Harrow. 

Hammon, Miss MARJORIE, B.A., The University, Birmingham. 

Налмртон, Е. A., M.B., Blue Spur, Chesham Bois, Bucks. 

HazpoAsTLE, D. N., М.В.С.8., L.R.C.P., Compton Sanatorium, Compton, 
California, U.S.A. 

Harn, J. L., M.A., B.Ed., 26, Blenheim Avenue, Stepps, Glasgow. 

Harime, D. W., B.A., 61, Seymour House, Compton Street, W.C. 1. 

HARGREAVES, G. R., University College Hospital, W.C. 1. 

Hananzmavzs, Rev. Н. L., M.A., B.Mus., The Clergy House, 2, Spencer Hill, 
8.W. 19. 


M.E.Ae. Harcruaves, Miss L.-J., M.Sc., Southlands College, Belmont House, 
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Wimbledon Park Side, S.W. 19 

HARPZER, R. 8., М.В.О.8. (Eng.), L. R.O.P. (Lond.), F.R.M.8., Med. Supt., Min. 
of Pens. Neur. Olinio, Brighton, 36, First Av., Hove, Sussex. 

Навт, Bexar, M.D., 1, Harcourt House, Cavendish Square, W. 1. 

Hawrnzy, Miss F., Avery Hill Training College, Eltham, S.E. 9. 

Havas, А. E., F.R.S.A. 

Haxzs, E. D., M.D., D.P.M., Berry Wood, Northampton. 

Hayron, Miss Myra, N.F.U. and Diploma in Psychology (Univ. Lond.), 
304, Rotton Park Road, Birmingham. 


. Hra, Sir Haney, M.D., F.R.S., E Court, Reading 


Hursurn, W. A. F, MA, B.Ed, Director of Education, Education 
Offioes, Wellington Square, Ayr. 

Hurrorp, Етншре B. M., M.B., B.So., 19, Redlands Road, Reading. 

Нтонккв, W. L., MA., 3, Central Buildings, Westminster, S.W. 1. 

Hxoxs, Prof. Q. D., M.A., Ph.D., Litt.D., 9, Cranmer Road, Cambridge. 

Нпра, Sister МАВТИ, Notre Dame, Dowanhill Training College, Glasgow. 

Hur, J. C., М.5о., 22, Leybourne Park, Kew Gardens, Surrey. 

Ипи, Т. R., M.D., M.R.C.P., Northern Hospital, Winchmore Hill, N. 21. 

Ноолвт, Mrs Е. G., 12, Brunswick Square, W.C. 1. 
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Нонвміќ, Prof. В. Е. A., M.A., B.So., The University of the Witwatersrand 
Johannesburg. 

HornaxpzmE, Вевмавр, M.D., 57, Wimpole Street, W. 1. 

Hort, Misa M., The Training College, Dudley, Worcestershire. 

Hops, A. E., MA, B.Ed., The High School, Stirling. 


ME. I.Ae. Hors, THOMAS, M. А., B.Ed., 17, Wilton Road, Edinburgh. 


ME. 
M. 
M. 


ЕЕЕ Pamp 


я ЕН BEBE 


BERS Ер HER p 


BE Е 


Норкімв, Dr Рвунв, МА. University Coll Gower Street, W.C. 1. 

Howay, В. A., 278, Cornwall Gardens, S SW. T. 

Hows, Е. GnazAM, M.B., В.В. (Lond.), D.P.M., 146, Harley Street, W. 1. 

Нотта, Mrs M., 8, Middleby Btreet, Edinburgh. 

Новлко, Miss D. G., M.A., 16, Gordon Street, саза Square, W.O. 1. 

Hveers, Miss L. M., 111, Hazellville Road, N. 1 

Hvanzs, А. G., Ph.D., B.So., M.Ed., 45, оо РИТА 

Новнев, D. Е. R.. Fron Рав, Mold, N. "Wales. 

Новнив, Mrs E. Н., B.A., 45, Harvard Road, Isleworth. 

Нома, Miss G., M.A.,10, Holborn House, Baldwin’s Gardens, Gray's Inn Road, 
W.O. 

Нонкувок, Miss N. K., 110, "Elm Tree Road Mansions, N.W. 8. 

Нотонтзом, Dr Arroz M., 28, Wimpole Street, W. 1. 

Ноттох, Dr L. F., В. A, М.В.С.8., L.R.C.P., 16, Mecklenburgh Square, 
W.C. 1. 

Imana, Prof. M., Dwansi Gakuin, Koto-Mura, Hyogoken, Japan. 

Туман, Warm В., M.B., 22, Clarendon Road, Southsea. 

I8AA08, N., 160, Primrose Hill Road, М.М. 3. 

Isaaos, Mrs S., M.A., D.Sc., 16e, Primrose Hill Road, N.W. 3. 

Jamas, G. Wm B., M.D., 124, Harley Street, W. 1. 

James, Н. E. O., B.A., M.So., The University, Manchester. 

JAYASURIYA, T. D, St Valentine’ 8, High Street, Wellewatte, Colombo, Ceylon. 

JEFFREYS, HAROLD, M.A., D.So., St John's Coll e, Cambridge. 

JEFFREYS, M. У. С., М.А. (Oxon.), Armstrong Co Newcastle-on-Tyne. 

JENEIN, Miss Анни M., M.A., 78, All Alleyn Road, Dulwich, $E. 21. 

Jua, ВнАТВАУ Naru, B.Sc., LT. ‚ B.Ed., U.P.L8., Training College, Alla- 
habad, U.P., India. 

JOHNSTON, "Miss KATHERINE L., M.A., Maria Grey Training College, Salisbury 
Road, N.W. 6. 

Jowss, E., M.D., M.R.O.P., 81, Harley Street, W. 1. 

JONES, Miss E. W., B.A., St Mary’s College, Cheltenham. 

Jonus, Lr. WYNN, MA, B.Sc., Ph.D., Bryntirion, Bideford Avenue, 


Roundhay, Leeds. 
erin West Hill, Highgate, N. 6. 


Jonas, Miss V. Ta, A., B.A., 3, Hol: 

Јоѕирн, Miss C. M., 81, Holland Dark, W 

JOYOB, WILLIAM, B.A. (L.C. P.), 41, ИЙ Road, S.E. 19. 

KANDIL, A. M., Sub-director of Institute of Education, Mounira, Cairo, Egypt. 

Kay, L. J., 42, Wilson Street, E. 14. | 

Кнлтіман, М. W., М.А., Tommy’s Heath, Boar’s Hill, Oxford. 

Китү, бумом, B.8o., M.R.CS.,, L.R.O.P., 96, Mosley Street, Manchester. 

Kump, Parre, M.A., B.D., 6, Minard Road, Partickhill, Glasgow. 

Кеххиру, Miss F., M.A., Ed. B., 9, Devonshire Terrace, Glasgow, W. 2. 

KENNEDY- FRASHR, Davi, M.A., ‚В. Bo. Jordanhill Training College, Chamber- 
lain Road, Glasgow. 

Kennutu, J. H., M.A., Ph.D., “ Westerton,” Helensburgh, Dumbartonshire. 

Karz, К. B., MA., B. Ed., 45, Melville Street, Portobello, Edinburgh. 

Kuraovs, J OHN, M. А., B. Ed, 98, Nether Street, Kirkcaldy. 

er C. W., M. A, D. So., "National Liberal Club, "Whitehall Place, 

W.1. 

Kina, Rev. J. Luvoxserzn, S.J., Heythrop College, Chipping Norton, Oxford. 

Km, P. J J., ofo Industrial Health Research Board, 38, Old aurea Street, 

KIRKMAN, F. B., B.A., 16, Denning Road, Hampstead, N.W. 3. 
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Kren, Mrs MELANIE, 930, Linden Gardens, W. 2. 

Кхіснт, А. R., M.A., The University of Aberdeen, Aberdeen. 

Korn, Morris, M.R.C.8., L.R.C.P., 101, Canfield Gardens, N.W. 6. 

Krauss, В. A., M.D., D.Sc., Norwood, Kinghorn, Fife. 

Lapaz, В. MaaDoNALD, M.B., Ch.B., 395, Coventry Road, Small Heath, 
Birmingham. > Я 

Largp, Miss Isast M., M.A., B.Ed., 22, Dudley Gardens, Edinburgh. 

Lamp, Prof. J., Powis Lodge, Old Aberdeen. 

Larr, Mrs D. M., The Dept. of Fine Art, Armstrong College, Newoastle-on- 


Tyne. 

Lanapon, J. N., B.Sc., 1, Pembroke Road, North Wembley, Middlesex. 

Тлоанив, J. H., Ravenscar, Везет Road W., Tipton, Staffs. 

Lavin, С. R., M.D., Sc.D., Castello 17, Madrid, Spain. 

Law¥orp, У/тналте, 50, Royal Parade, Eastbourne. 

к Miss E. D.Sc., Ph.D., 7, Oppidans Road, Primrose Hill, 

Тлуооок, S; R., M.A., B.Ed., Ph.D. (Lond.), University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada. 

Lx вов Сглвк, F., В.А. (Oxon), 19¢, e Street, Holborn, W.C. 1. 

Lre, K., Old House, Ashley Heath, Hale, Cheshire. 

Lurezg, Miss M. A., B.Sc. (Econ.), 103, Corringham Road, N.W. 11. 

Levert, Miss A. E., M.A., 77, Cholmley Gardens, N.W. 6. 

Lewis, Dr А. J., M.D., M.R.C.P., Maudsley Hospital, Denmark Hill, В.Е. b. 

Lews, B. A., B.A., Killean, Loughton, Essex. 

Lewis, Е. O., M.A., D.S8o.,, M.R.C.S., L.R.C.P., 34, Cholmeley Crescent, 
Highgate, N. 6. ^ 

Lews, H. R., B.A., 11, Upper Phillimore Gardens, W. 8. 

Lews, Miss M. G., 16, Gordon Street, W.C. 1. 

Тлмрикну, Mrs E. M. F., Ruby Street L.C.C. School, Old Kent Road, S.E. 15. 

Liz, Woa, M.A., Ph.D., University of Toronto, Toronto 5, Canada. 

Таттьвхонн, Miss М. V., M.D., D.Ph., 17, Warwick Place, Leamington Spa. 

Lroxp, H., Dol-Eglwys, Builth Wells, Breconshire. 

Lrovp-Davrzs, Miss M. H., M.A., Fairfield, Brimstage, nr Birkenhead, Wirral. 

Lopez, Miss J., M.A., Lane End, Harpenden, Herts. 

Lorp, Dr В. T., Oxford County and City Mental Hospital, Littlemore, 
nr Oxford. 

ТоввАтн-Вмттн, Miss I., M.A., 18, Oak Road, Withington, Manchester. 

Lorman, А. J. D., M.A., 9, Coates Gardens, Edinburgh. 

Lovs, Wm H., M.A., Rowanbank, Craigendoran, Helensburgh, Dumbarton- 


Low, Miss B., B.A., 18, Guilford Street, W.O. 1. 

LowzwrEgnp, Dr М. Е. J., M.R.C.&, LR.C.P. (Eng.) 21, Devonshire 
Place, W. 1. 

Lowson, J. P., M.A., M.D., University of Queensland, Brisbane, Australia. 

Ілгмврих, Jamas, M.A., B.Ed., Board of Education, Medical Branch, White- 
hall, 8.W. 1. 

MacAuLEY, Miss E., M.A. (Oxon. and Birmingham), 7, Prospect Park, 
Exeter, Devon. 

Мловитн, Arison N., M.B., B.S. (Lond.), 32, Woburn Square, W.C. 1. 

MacCurpy, Dr J. T., Corpus Christi College, Cambridge. 

Maoz, C. A., M.A., The Psychological Dept., The University, St Andrews, 
Fife. 

Млоках, R. J., B.A., о/о Management Research Groups, 23, Bloomsbury 
Square, London, W.C. 1. 

Maoxunzin, Sir W. L., M.A., M.D., 14, Belgrave Place, Edinburgh. 

Maora, Јони, M.A., D.So., 19, Beresford теппе, Leith. 

MacLzop, J., 177, Hill Street, © w, С. 3. 

Maonavenron, Mrs D. A., Forum Club, 6, Grosvenor Place, S.W. 1. 

Maontvun, Anaus, M.B., Ch.B., D.P.M., Craig House, Morningside, Edinburgh. 
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Мловлв, ÁNGUS, M.A., M.B., Ch.B., 68, Corringham Road, Hampstead 
Garden Suburb, N.W. 11. 

MaocTaaaanr, Dr M. M., M.A., B.Ed., Ph.D., 52, Aubert Park, М. 5. 

Maxruzanai, M. H., M.A., The Institute of Education, Mounira, Cairo, 
Egypt. 

Млнгну, Miss М. M., M.B.B.S., 36, Cranley Gardens, S.W. 7. 

Manna, W. E., 18, Sunnymead Road, Roehampton, S.W. 15. 

Mazrzs, EDWARD рр, 12, St James's Square, SW. T. 

Marr, Н. 

ManspEN, В. E., B.Sc., 45, Milton Avenue, Wellsway, Bath. 

Martis, Dr А. H., M.A., Hon. Director of the Australian Institute of 
Industrial Psychology, 26 Connell Street, Sydney, N.S.W., Australia. 


. Mason, Miss K., M.A., Stoll Picture Theatre, Kingsway, W.C. 2. 


Млттнву, D., M.B., Ch.B., 59, Holland Park, W. 11. 
MoAremws, W., L.0.R., 14, Parkgrove Terrace, Glasgow, W. 
MoCarLom, Miss C., M.A., B.Sc., Ed.B., 377, Bath Street, Glasgow. 
мыш aN ВАРНАЕГ C. S.J., Ph.D., St Louis University, St Louis, 
о., U.S.A. 
MoCOngLLAND, Ум, M.A., B.Sc., B.Ed., Riverdale, 83, Monifieth Road, 
Broughty Ferry. 
MoCriannan, Miss Mary, 13, Warrender Park Terrace, Edinburgh. 
Мобговквх, Miss M. C., M.A., Ed.B., 80, Barrington Drive, Glasgow. 
MGoFAALANE, Miss C., 46 в, Colville Gardens, W. 11. 
MoFARLANZ, Miss M., Ph.D., 23b, North Hill, Highgate, М. 6. 
MoGowan, Rev. H., M.A., Aston Vicarage, Birming Я 
MoKay, Miss ELIZABETE, 128, Mayfield Road, Edinburgh. 
МаК znuzrg, Rev. J., M.A., Wilson College, Bombay. . 
Means, Mrs Оовотнх M., M.A., Ph.D., (onca ‘Training College, Ditchling 
Road, Brighton. 
Mzars, W. G. A., M.A., Rondebosch Boys School, Camp Ground Road, 
Rondebosch, Cape, В.А. 
Meson, G. H., M.D., 102, Alcester Road, Moseley, Birmingham. 


. Махон, M. P. Kzsava, M.B., B.Ch., 77, Ohurch Street, Edmonton, М. 7. 


Мивогив, Miss WruirRzD, M.A., Whiteland’s College, Chelsea, S.W. 3. 

Мивззинанв, Rev. Ennust, Ph.D., North Lodge, Poles, Ware, Herta. 

Меззнв, ANDREW, M.B., B.Sc., Medical Officer of Health, Leamington-on- 
Tyne, Northumberland. 

Messer, W. J., M.Sc., Cheetham Special School, Manchester. 

Murs, Gores H., D.Se., Burlington, Richmond Road East, New Barnet. 

Murre, Miss D. E., M.A., Coundon Court, Coventry. 

Mise, Miss E., 31, Pemberton Gardens, М. 19. 

Mime, E., M.A., M.R.C.8., L.R.C.P., 28, Wimpole Street, W. 1. 

Mime, Prof. E. M., University of Tasmania, Hobart, Tasmania. 

Mus, Prof. A. E., о/о Librarian, Fisher Library, University of Sydney, 
Sydney, Australia. ^ 

MrrogzrL, T. W., M.D., Hope Cottage, Hadlow, Kent. 

Мондмыер, А. Z., В.Во., The University, Edmund Street, Birmingham. 

Monzy-KvnLz, R., Ph.D., М.А. (Camb.), Whetham, Calne, Wilts. 

Moreton, Frank E., M.A., Newtown School, Waterford, Irish Free State. 

Moraan, G. D., M.A., M.R.C.8., L.R.C.P., Harlency, Orchard Road, 
Reigate, Surrey. 

P а G. ур, LL.D., F.R.S., 79, Pevensey Road, St Leonards- 
on-Sea. 

Мовтох, Dan. H., M.A., B.Sc., Education Department, Marischal College, 
Aberdeen. 

Mostyn, Capt. J., M.A., Deerslea, Broadway, Llandrindod Wells. 

ог Gxzo., M.A., B.Ed., Education Department, Moray House, Edin- 

urgh. 
Moxon, C., M.A., 1980, Washington Street, San Francisco, California, U.S.A. 
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Mum, A., MA, B.Sc., Ph.D., 18, Sydney Terrace, Edinburgh. 

Момғовр, Miss Suma C., B.A., 801, Clive Court, Maida Vale, W. 9. 

Момрлу, Miss Rosn E., Darenth Colony Schools, Dartford, Kent. 

Munzo, м. В., М.А., BEd, National Inst. Ind. Psychology, Aldwych 
House, W.C. 2. 


. MURTI, Capt. ©. S., I.M.S., Lattice Bridge Road, Adyar, Madras, S., 8. 


India. NU 
Мовото, Mrs B., Neots Avenue, Potts Point, Sydney, Australia. 


M.E.LAe. Мунвз, C. S., M.D., Sc.D., F.R.S., 5k, Montagu Mansions, W. 1. 
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МАТНАХ, Mrs Е, Ingoldsby, Marlborough Road, Hampton, Middlesex. 

Nxzvinr, Miss Е. "Милано, Oakington, The Ridgeway, Enfield. 

Nuwsy, Miss C. R., B.A., 8.Th., St Christopher’s College, Blackheath, В.Е. 

Nuwoowsz, Miss M., B. A, 52, Northway, N.W. 11. 

NIOOLLB, Miss G., M. B, B. 8., Bowden House, Harrow-on-the-Hill, Middlesex. 

Nrxox, J. С., MB., Plym ton е Plympton, 5. Devon. 

NOBLE, RALPH À., M.B., c/o National Committee for Mental Hygiene, 
450, Seventh Avenue, d ork, U.S.A. 

Norman, Mrs E., М.А., 66, Friern Watoh Avenue, Finchley, N. 12. 

NEIN, Sir won M.A., D.Sc., London Day Training College, Southampton 

ow, W.C. 1. 
Oaxnsr, C. A., B.Sc., Ed.B., National Institute of Industrial Psychology, 
142, Vincent Street, Glasgow, C. 2. 

Олтив, D. W., M.A., D.Sc., F.C.P., Aelybryn, 13, Dewsland Park Road, 
Newport, Mon. 

О’Соннов, Miss №. M., М.А. (Oxon.), 11, Cavendish Square, W. 1. 

O’Dornat, Sir 8. P., I.0.8., 21, Elm Park Gardens, S.W. 10. 

Oanpzm, С. K., M.A., 10, King’s Parade, Cambridge. 

OrpuaM, Mrs, B.Sc., M.A., 16, St James’s Square, Bath. 

Orway, Rev. Авхогр H., M.A., The Presbytery, 3, Collington Street, 
Beeston, Notts. 

Ozanne, Mrs Mary, The Red House, Middle Road, Harrow-on-the-Hill. 

Ozannu, Lt.-Col., The Red House, Middle Road, Harrow-on-the-Hill. 

Е H. M., B.A., М.В.С.$., L.R.C.P., Wealden Stow, Bidborough, 

ent. 

Patmis, Rev. FERNANDO M., S.J., Ph.D., D.D., Prof.in Psychology, Labora- 
torio Psicológico del Colegio Máximo de S. Ignacio, Sarriá, Barcelona, 
Bpain. 

Pan, Y., В.А. (Peking), Ph.D. (Lond.) College of Education, Wuchang, 
Hupeh, China. 

Parsons, J. H., F.R.S., D.Sc., F.R.C.S., 54, Queen Anne Street, W. 1. ` 

Parurson, Misa А. T., M.A., B.Ed., 10, Crown Circus, Glasgow. 

PAxNx, Dr SYLVIE, M.B., B.S. (Lond.), 143, Harley Street, W. 1. 

Рклв, Prof. T. H., B.Sc., M.A., 25, Brunswick Road, Withington, Manchester. 

Passon, Е. J., M.8c., Briarfields, Theydon Bois, Essex. 

PENROSE, L. S., M.A., M.D., 35, Lexden Road, Colchester. 

Ривкгяз, Rev. F. H., 39, College Road, Moseley. - 

Payton, Miss E., Littleton House School, Girton, Cambridge. 

Parray, Rev. Dr С. B., St Michael's College, Toronto 5, Canada. 

Paes, ©. E., M.A., D.So., The Special School, Glenfield, N.S.W., Australia. 

Рниллрз, H., 141, Stockwell Park Road, S.W. 9. 

PELLIS, Miss M., M.A., The Hostel, County Training College, Crewe. 

Pane, Rev. HOWARD ne B.A., 39, Turner’s Hill, Cheshunt, Herts. 

PREILPOTI, Miss A. J., 19, ‚ Ostade Road, Upper Tulse Hill, S.W. 2. 

Рнпотт, 8. J. , D. Sc., Wiok Drive, Wickford, Essex. 

Proxrozp, Q. H., B. À., Holly Bank, 195, Dudley Hill Road, Bradford. 

Ргакғовр, В. W., MA, Dept. of Psychology, The University, Glasgow. 

Pros, W. O'D., The Dept. of Psychology, The University, Manchester. 

Prrr-Ervzns, ore G., B.Sc., Manor House, Hinton 8t Mary, Dorset. 

PrrTS, Miss M., В .А., 16, Palmerston Road, М. 22. 
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E Ровтев, T. L. D., B.A., B.Sc., 162, Coventry Road, Ilford. 

Ротетманв, Rev. W., M.A., 21, Broompark Drive, Dennistoun, Glasgow, Е. 1. 
M. Porrs, Dr W. A., 118, Hagley Road, Edgbaston, Birmingham. 
E. 
M. 
E 
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BRITISH PSYCHOLOGICAL SOCIETY 
RULES 


"МАМЕ AND OBJECTS. 


1. This Society shall be called the British Psychological Society. 

2. The Society is instituted for promoting the co-operation of those 
interested in the various branches of Psychology. 

3. The Society shall be responsible for the publication of The British 
Journal of Psychology. 


MEMBERS AND SECTIONS. 


4. The Society shall consist of Honorary Members, Ordinary Members 
and Sectional Associates. 

5. Persons of scientific distinction who have contributed to the 
advancement of Psychology shall be eligible for election as Honorary 
Members. | 

6. Honorary Members shall be entitled to all rights and privileges of 
membership. 

7. Honorary Members may be elected from time to time on the 
nomination of the Council at any General Meeting of the Society. 

8. The Council shall be empowered to institute Sections of the Society, 
each Section being concerned with a special branch or aspect of Psy- 
chology. 

9. Election to a Section or Sections shall ipso facto constitute election 
to the Society as a whale and entitle those so elected to receive notice 
of and to take part in all General Meetings of the Society in addition to 
the meetings of the Section or Sections to which they belong. 

10. Sections shall have the right of electing Sectional Associates who 
shall receive notice of and shall be permitted to attend all Meetings of 
the Section or Sections to which they belong. Such Sectional Associates 
shall however take no part in the Government of the Society or the 
Sections, and they shall not receive The British Journal of Psychology. 

10a. Transfer from Sectional Membership to Sectional Associate- 
ship may take place on January 1st only, and after not less than six 
months’ notice from the Member of his wish to transfer. 

11. The procedure as regards the election of Sectional Associates 
shall be the same as that in the case of Members. 
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12. Every Candidate for election to the Society shall be recom- 
mended by at least two Members who shall be prepared to furnish 
information as to the Candidate’s qualifications for membership. No 
Candidate shall be submitted for election to the Society who has not 
first been approved by the Council or by a Sectional Committee. 


13. A Candidate who has been approved by the Council or by a 
Sectional Committee shall be nominated for election at the next General 
Meeting of the Society, or at the next Meeting of the Section respectively. 


14. One full week before the Meeting at: which the ballot is to take 
place, the Secretary shall send to each Member & balloting paper con- 
taining the names and addresses of the Candidates and the names of 
their proposers. 


15. Any Member unable to attend a Meeting at which a ballot is 
to take place can vote by sending his balloting paper to the Secretary. 


16. One adverse vote in five shall exclude. 


17. To vote for a Candidate, a Member must prefix a cross to the 
Candidate’s name; to vote against a Candidate, he must erase the 
Candidate’s name. Members who wish to record a vote neither for nor 
against a Candidate must leave the name untouched. 


18. Any Member whose subscription remains unpaid for two years 
may, after receiving due notice, be removed by a resolution of the 
Council from membership of the Society. 


19. Whenever it shall be proposed to remove a Member from the 
Society for any reason other than failure in payment of subscription, the 
matter shall be brought as a formal resolution before the Council or one 
of the Sectional Committees (whichever it shall most concern). In the 
event of the resolution being passed, a ballot shall be held for the removal 
of the said Member at the next General Meeting of the Society, or at the 
next Meeting of the Section respectively. Should two-thirds of the 
Members voting vote in fayour of the removal of the Member, that 
Member shall be removed from the Society. 


20. If at any time it is desired to abolish any Section or Sections, 
to subdivide any Section or Sections, or to amalgamate two or more 
Sections, a Special Meeting of the Section or Sections concerned may be 
called for this purpose according to the conditions laid down in Rule 44. 
Resolutions passed at any such Meeting shall be reported by the Sectional 
Secretary or Secretaries concerned to the next Meeting of the Council. 
Should the Council approve of such resolutions, such resolutions shall 
immediately take effect. But should the Council formally express dis- 
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approval of any or all of the said resolutions, these resolutions shall be 
considered by an Extraordinary General Meeting of the Society sum- 
moned in accordance with the conditions laid down in Rule 44 and the 
decision of this Meeting shall be final. 

In the case of the desire to abolish any Section or Sections, the 
‘following alternative procedure may be followed. An Extraordinary 
General Meeting of the Society shall be summoned in accordance with the 
conditions laid down in Rule 44, and any resolution passed at this Meeting 
regarding the abolition of the said Section or Sections shall be final. 


OFFICERS, COUNCIL AND SECTIONAL COMMITTEES. 


21. The business of the Society as a whole shall be conducted by a 
Council consisting of the President, Vice-Presidents, Treasurer, General 
Secretary, Librarian, Editors of The British Journal of Psychology, one 
representative each of every Section and Branch to be nominated by the 
Sectional and Branch Committees, one representative of the Committee 
for Research in Education to be nominated by that Committee, and of 
six Ordinary Members. 

22. The President of the Society shall hold office for three years and 
shall not be eligible for re-election until after the lapse of a further, 
period of six years. Every President shall at the termination of his 
period of office become a Vice-President for a period of six years. The 
other officers of the Society shall retire annually but shall be eligible for 
re-election. | 

23. Еуету year two Ordinary Members of the Council, having served 
for three years, shall retire and shall be ineligible for re-election until 
after the lapse of one year. | 

24. Names of Members to serve on the Council may be suggested by 
the Council or by any Member by sending the proposed names to the 
General Secretary at least two weeks before the Annual General Meeting. 

24a. Nominations of representatives of the Sections, the Branches and 
the Committee for Research in Education shall be sent to the General Secretary 
al least two weeks before the Annual General Meeting. 

25. Nominations for the election of Officers shall be handed in to the 
General Secretary before the Meeting preceding the Annual General 
Meeting and be announced at the Meeting preceding the Annual General 
Meeting. 

26. One full week before the Annual General Meeting, the General 
Secretary shall send to each Member a balloting list containing: (1) The 
names of the Council; (2) The number of the attendance of members of 
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the Council at the Council Meetings held during the year; (3) The names 
of those proposed by the Council and Committees or by Ordinary Members 
to fill the vacancies. | 

27. The Society may fill all the vacancies among the officers that 
may occur between two Annual General Meetings by ballot, in accord- 
ance with Rule 15, at the next General Meeting, due notice having been 
given. Similar vacancies among the Ordinary Members of the Council 
shall be filled by co-option by the Council. 

98. In the absence of an ex-officio Chairman (in accordance with the 
conditions laid down in Rule 42) the Council shall elect one of its Members 
40 act as Chairman of Council. A quorum at a Council Meeting shall 
consist of five. If there be no quorum, the Members attending shall have 
power to transact business, subject to the approval of absent Members, 
to whom the resolutions adopted shall be forwarded. 

29. The first Meeting of each Special Section shall be convened by 
the General Secretary of the Society. At this Meeting the Section shall 
appoint its Chairman, Secretary and Sectional Committee. 

30. The Chairman and Secretary of a Section shall retire annually 
but shall be eligible for re-election. 

31. The size of a Sectional Committee shall be determined by the 
Section. A quorum at a Meeting of a Sectional Committee shall be as 
that Committee shall decide. 

39. When Sections have been formed, Rules 12, 13, 14, 15, 23, 24, 
25, 26, 27, 28, 40, 41, 42, 43, 44 shall (mutates mutandis and unless ex- 
pressly stated to the contrary) apply respectively to the Committees, 
Chairmen and Secretaries appointed by these Sections. 

33. The Society shall not make any dividend gift, division or bonus 
in money unto or between any of its Members. 


SUBSCRIPTIONS AND FINANCE. 

34. Each Ordinary Member shall pay an annual subscription of one 
guinea, which shall entitle him to receive a copy of The British Journal 
of Psychology, with the exception of such additional portions of the 
Journal as are devoted to special branches or aspects of Psychology and 
are published separately. 

34a. Ordinary Members who are members of all Sections shall 
pay an inclusive annual subscription of £3. 2s. 

35. In addition to the Ordinary Membership Subscription Members 
shall pay an additional fee for every Section which they join. This 
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additional fee shall entitle Members of any Section to receive such 
additional and separately published portions of The British Journal of 
Psychology as may be devoted to the special branch or aspect of Psy- 
chology studied by the Section. The amount of such additional fee shall 
be fixed by the Committee of the Section concerned in consultation with 
the Treasurer, and any resolution passed by the Sectional Committee 
with reference to such fee shall, before coming into force, receive the 
approval of the Council. 

36. Sectional Associates shall pay a subscription the amount of 
which shall be determined ‘by the Sectional Committee in consultation 
with the Treasurer of the Society. 

37. A Member may compound for his annual subscription by a fee, 
the amount of which shall be determined by the Council after consultation 
with the Sectional Committee and the Treasurer. Such composition shall 
entitle the Member to all the privileges of membership, which he enjoys 
at the time of composition, for life. 

38. The subscription is payable in advance and becomes duc on 
January Ist. The British Journal of Psychology shall be sent only to 
Members whose subscriptions have been duly paid. 

39. The Council shall grant to each Section permission to incur such 
expenses as may be necessary for the work of the Section; the approxi- 
mate amount of such expenses to be determined by the Council. 


MEETINGS. 


40. The Annual General Meeting shall be held in December, when the 
General Secretary’s Report and the Treasurer’s Statement of Accounts 
shall be laid before the Society. 

41. The General Meetings of the Society shall be at such times and 
places as the Council shall decide, but in each year there shall be at least 
four meetings. 

42. The President, or, failing him, a Vice-President, shall, whenever 
possible, act as Chairman at the Meetings of the Council and of the 
Society. In the absence of the President or a Vice-President, some other 
Member shall, on the motion of the General Secretary or his substitute, 
be elected to act as Chairman. 

43. The Secretary shall.send. to all Members of the Society notices 
of each Meeting at least seven days beforehand, and of the business to 
be transacted at the Meeting. 
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44. An Extraordinary General Meeting may be summoned at any 
time by the Council, or by the General Secretary on the written request 
of twenty Members; at least fourteen days’ notice of such Meeting shall 
be sent to each Member of the Society. 


VISITORS. 


45. Each Member shall have the privilege of introducing two visitors 
at any Meeting. The Council or & Sectional Committee shall however 
have the power of closing any Meeting or Meetings to visitors, provided 
notice to this effect be given on the notice convening such Meeting or 
Meetings. The names of visitors together with the names of Members 
introducing them shall be entered in a book provided for that purpose. 
Any Member of the Society attending & Meeting of & Section to which 
he does not belong must be introduced by а Member of that Section. 


BRANCHES. 


46. The Council shall be empowered to sanction and dissolve the 
establishment of Branches of the Society throughout the British Empire. 
Members of such Branches shall pay the same subscription as that of 
Ordinary Members direct to the Treasurer of the Society and be entitled 
to the same rights and subject to the same rules &s Ordinary Members. 
The Council shall be empowered to refund to the Treasurer of any Branch 
such proportion of Branch Members’ subscriptions as the Council may 
determine to meet local expenses. 

46 а. Any Rules made by Branches of the Society shall be first sub- 
mitted to the Council for their approval. 

46 6. The minimum number of Members necessary to form a Branch 
shall be 10. | 

46 с. Branches shall be required to present a report to each Annual 
General Meeting. 


RULES. 


47. The Rules of the Society may be altered at the Annual General 
Meeting, after notice of alteration has been given at a previous Ordinary 
General Meeting, or they may be altered at an Extraordinary General 
Meeting summoned for that purpose. Such Extraordinary General 
Meeting shall be held in London, and the purpose for which it is called 
shall be expressly stated in the notice convening the Meeting. No other 
business shall be transacted thereat. 
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IV. Further illustration of manipulation of spatial configuration afforded by 
Puzzle Box experiments with mental defectives (pp. 85-103). 
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(2) The material and method of procedure (pp. 86-91). . 
(3) Results. Class А (рр. 91-95). 
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(i) Goodness of imagery (pp. 106-107). 
(1) Varieties of images (pp. 108-111). 
(4) Conclusions (pp. 111-112). 
References (рр. 112-113). 


IV. FURTHER ILLUSTRATION OF MANIPULATION OF SPATIAL CON- 
FIGURATION AFFORDED BY PUZZLE BOX EXPERIMENTS 
WITH MENTAL DEFEOTIVES. 


(1) Introductory remarks. 
Тне use of puzzle boxes as a means of investigating adaptive behaviour 
in animals has been used extensively since its introduction by Thorndike 
in 1899(1). Since then the method has been applied to birds, rats, 
squirrels, cats, dogs, racoons, porcupines and monkeys. The experiments 
have been of two main types. In the first, which has been used mainly 
with the smaller animals, the subject has been confined within a cage 
J. of Psych. XIIn. 2 : 6 
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from which he has escaped to liberty and food only after successfully 
manipulating some mechanical device securing the door, for example, by 
pulling a string or shifting a lever. In the other type of experiment, the 
subject is outside the box in which food is visible and which can be 
opened by moving similar mechanisms this time on the outside. This 
method has been chiefly used with monkeys by Thorndike(2, Kinna- 
man(3), Cole(4), Hobhouse (5) and Buytendijk (6) and others, and it is the 
method used in this investigation. Much criticism has been levelled 
against this method on the grounds that the problem is of too mechanical 
a nature, and that the animal could not be expected to understand what 
he was about. This criticism undoubtedly has force in some of the com- 
plicated combination lock systems (for example, as used by Kinnaman) 
especially where some part of the mechanism is out of sight. In the series 
of boxes employed in the present experiments a much greater simplicity 
has been maintained, and in this respect they resemble those employed 
by Buytendijk with his chimpanzee Sim. 

It was proposed to investigate by this method: 

(1) How the behaviour of mental defectives compares with that of 
lower animals, especially the anthropoids, in their appreciation and 
manipulation of spatial configurations. : 

(2) What relation exists, if any, between ability to succeed in such 
tests and general intelligence as measured by the Binet-Porteus combined 
Intelligence Quotient (7), (8). 

(3) The value of the time taken during the test as a criterion of in- 
telligence, $.е. is this method of any diagnostic value when applied to 
human mental defectives as à test of general intelligence? 


(2) The material and method of procedure. 


Five puzzle boxes were designed, each of the same shape and size and 
differing only in the complexity of the lever systems which prevented the 
lid from being opened. Each box was approximately cubical in shape 
(lid 93 x 8} in., height 7} in. with lid closed) and were constructed out of 
$ in. wood. The lid when closed was flush with the sides of the box. ‘Two 
panes of thick glass were set in the roof and front wall respectively, so 
that a clear view of the interior was easily obtained. The exterior of the 
box and the levers were stained dark brown, the interior being left 
unstained. 

Box I had no clasp and the lid had only to be raised (Fig. 4). 

Box II had a single lever (Lever 1) at its left-hand top corner, pivoted 
to the front of the box, and at its upper end bent at a right angle so that 
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when vertical it prevented the opening of the lid. A lateral movement of 
the lever freed the lid (Fig. 5). 

Box Ш had a somewhat similar lever, pivoted however to the left- 
hand side of the box, so that a forward movement freed the lid. In 
addition, there was a second lever, placed symmetrically at the right- ` 
hand side. In the subsequent account these levers will be referred to as 
No. 1 and No. 2 respectively (Fig. 6). 

Box IV. This was similar to Box II with the addition of a laterally 
placed lever (No. 1) pivoted to the left side of the box, which had to be 
rotated either anteriorly or postenony before Lever No. 2 could be 
moved (Fig. 7). 

Box V. This resembled Box IV, but this time the lower part of the 
laterally moving lever (No. 2) was obstructed by a horizontally placed 
lever (No. 3) pivoted on the front of the box above the glass panel, its free 
end being in contact with the vertical part of Lever No. 2, thus preventing 
the latter’s movement to the left (Figs. 8 and 9). 

It will be seen that these boxes presented a series of increasing 
difficulty and that Box V is one lever more complicated than Box IV. 
But Boxes III and IV, while each was one degree more complicated than 
Box II, bore no direct relationship to each other. 

A chocolate was placed in each box to act as bait, the lid closed, and 
the respective levers adjusted. As the interior of the box was unstained, 
the bait was clearly visible. 

The first box in the series (Box I) was fastened by thumbscrews to a 
heavy board which was placed on an ordinary table. The subject was 
then introduced into the room, was given a chocolate to eat, and was 
led up to the box so as to face its anterior surface. He was then told to 
open the box and get the chocolate which was pointed out to him through 
the glass. Nothing was said about a time limit or hurrying. А stop-watch 
was started and the time was taken from the first movements till the lid 
had been successfully opened. The observer retired into the background 
80 as not to interfere with the subject, or embarrass him, so far as was 
compatible with accurate observation. At the conclusion of the test the 
order in which the levers were moved, the direction of the attempted 
movement, and where possible the number of errors (t.e. unnecessary 
movements) made, were recorded. After Box I had been opened, Box П 
was substituted, and so on through the series. In the event of a failure to 
open the box as evinced by a complete cessation of striving in spite of 
encouragement, the method was shown to the subject, who was allowed 
to proceed with the series after he had mastered the difficulty. 
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| d was hoped that owing to this comparative simplicity of the task it 
|... would be easy to analyse the behaviour displayed, since the number of 
. errors made might be expected to be correspondingly few. In using men- 
tally defective persons for these experiments, the charge of anthropo- — 
morphizing the subject when an attempt to interpret their behaviour is. 

iade, loses any force it may have in the case of apes. Yerkes(9) has de~ 
scribed the behaviour of Kóhler's chimpanzees (10) as ‘almost human,’ and 


described as ‘almost Simian,’ the tables for once will have been turned 


if the human behaviourto be described subsequently mayin manycasesbe ——— 


| _ оп Homo sapiens and the gulf between the two species still further ЯПед їп. _ 


The two distinct classés of mentally defective persons have been used. 
in this investigation which were used in the first two groups of tests. The 
high-grade cases were tried with the fifth and hardest box only, as it was 
found that they learnt without any difficulty from the series, so that the _ 

graduated test was of no value. The low-grade cases were tested with the 
. Whole series of boxes. 

It has not been practicable to try out Box V on more than a few in- _ 

telligent adults, but those who tried to open it found the task of almost 














process. The observations of other authorities on the capacity of normal 
... persons to solve analogous problems makes it unnecessary to repeat such 
.. experiments. In normals it was unusual for any superfluous movement 
_ Фо be made—at most one movement of Lever No. 2 against 3 is suficient- 
to ensure the detection of the latter and its movement. Usually, how- 


ridiculous simplicity, and no one has taken more than 15 sec. in the ` _ 





ever, even this is unnecessary, the pattern of the levers being grasped at _ 


a glance, while the subject walks towards the box. 


(3) Results. Class A. 

In the following analysis of the behaviour exhibited in the first class — 
of mentally defective persons, Class A, any superfluous movement із © 
considered to be an error. 

2 1 was possible to distinguish three main types of response (see 
‘Table I). 





Table I. Class A. 


Type I. Good response, 33 per cent. 
(а) No error, 13. 
(b) One error, 6. 
(c) Two errors, 14. 
Type II. Trial and error, 39 per cent. 
DR (a) Response by exploration and elimination, 17. 
(b). Response by random movements, 18. 
(с). Lid not opened though free, 4. 


E ye ш. те response, 28 per cent. 
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Type І. 33 per cent. — : | ол 

‘A good response,’ in which the box was opened with no error (i.e. 
with only four movements including moving the lid), one error (e.g. 
clicking one lever against another, or trying the lid while it was obstructed, 
or moving a lever twice), or two errors. 

It is only in this group (Type I) that the time taken is of any accurate 
indication of the merit of the response. 


(a) No errors, 13 per cent. The time taken was under 15 sec. in every 
case but one. The exception was due merely to slower movements and a 
rather exaggeratedly methodical method. | 


Example (L. M., aet. 33, т.д. 81-5). Time 8 sec. "Lever 1 moved. Lever 3 moved 
down. Lever 2 moved and the box opened. A ‘balanced’ co-ordination of move- 
ments in which each contributed its proper share in the attainment of the goal." 


(b) One error, 6 per cent. Four persons tried to move No. 2 lever 
while it was obstructed by one of the others. This clue was sufficient for 
them to open the box without further error. The remaining two tried the 

lid while it was obstructed. 


Example (B. W., aet. 25, 1.9. 75). Time 10 sec. “Lever No. 1 moved down at once. 
No. 3 then moved deliberately up. No. 2 was then incorrectly moved inwards to the 
right and immediately afterwards correctly outwards to the left and the box opened." 


(c) Two errors, 14 per cent. 


Example (A. B., aet. 37, LQ. 44:5). Time 19 sec. ^ No. 2 made to click against No. 1. 
No. 1 moved with left hand. No..3 then depressed. Lever No. 2 moved inwards 
(error) then correctly outwards. Lid opened at once." 


А type of error occasionally observed was the moving of a lever, re- 
placing it and moving it again, as if indulging in a preliminary try out. _ 


_ Туре II. Trial and error, 39 per cent. 

(а) Comparatively intelligent response, 17 per cent. This response - 
consisted in exploration and elimination and insensibly emerges from 
Type I (c), only differing from it in the number of errors made in the 
exploratory phase. The response is considered better than that occurring 
in subdivision (b) because the recognition and elimination of errors was a 
more marked feature. Tactile exploration and the ‘trying out’ of the 
various movements seemed to be more frequently adopted than the 
visual analysis chiefly used in Type I. It was not uncommon to see 
subjects looking about the room as they moved the levers. The charac- 
teristic method employed was that the levers were moved against one 
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_ another, the sense of obstruction providing the clue to the next move- 


.. ment. Often the lid would be tried after a lever had been moved; this. 
failing, the next lever would be moved, the lid again attempted and so on. 


Example (В. F., aet. 21, т.о. 59). "Time 44 sec. “Slow and deliberate actions: 
Inspection. Lever 3 moved. Lid tried. Lever 3 moved with right hand. Lid tried. 

: Inspection and further movement of Lever 3. Then No. 2 moved with left hand and 
Ва opened." 


One of this group took 175 sec., the length of time being solely due to 
the extraordinarily slow and dreamy movements—not to their multi- 
~ plicity—another example of the fallacy of judging a response by time 
alone. | 
| (b) Random movements, 18 per cent. This type of response most . 
. resembles that described by Thorndike (1) as characteristic of his cats and _ 














dogs. The solution appears to the observer to have occurred by chance — em 


acting through a multiplicity of movements repeated without profit and ; 
with little sign of insight. 
In Bühler's phrases (11), there is an ‘over-production’ of movements. 


|. and an ‘aimless trying-out.’ 








An extreme example is the following: 





(E. E., aet. 19, 1.9. 63.) Time 4 min. 34 sec. “Left hand used throughout. Lever 1. |. 


rotated several times. Then left thumbscrew touched. Lever 3 was moved about 
several times and replaced. Leyer 1 moved again. Lever 2 was then clicked against 
3 four times. These various movements were repeated for some time and at the end of 
each bout of trying the levers were usually in their original places. Twice when Lever 1 
was moved, Lever 2 was clicked against 3. Eventually this relationship was seen 
(apparently), as Lever 3 was moved, and 2 cautiously moved about 2 cm. А short pause 
and then the lid was opened. Subject then laughed in a surprised way." | 


(с) In four cases a peculiar response was observed. After the levers had 
been moved, often with some degree of insight, the lid was not opened, 
but renewed lever movements occurred, and the box only opened later. 
Tn one case the subject gave up, saying “I can’t do it,” and had to be told 
... to raise the lid. This ‘stupid error’ (Kéhler(12)) seems to be analogous to 

-the behaviour reported by Adams (13), who repeated some of Thorndike's 
` éxperiments(1) with cats. In these, the cats continued striking at the 
- levers, after successfully having opened the cage door, and did not emerge 
габ once to secure their food. 


Example (A. A., aet. 20, т.д. 45). Time 58 sec. “Lever 3 moved down at once to 
180?. Lever l was then rotated several times and Lever 2 was moved correctly. 
Instead of opening the lid, the subject reverted to the rotation of Lever 1, which was 
rapid and apparently conducted for its own sake. Lever 2 being moved back to Ив 
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сана) position so as not to interfere with the rotatory movement. ‘After some time, 
Lever 2 was moved away again and the box opened, that being the first time an 
attempt has been made to open the lid." 


It is possible that had the chocolate been larger or more tempting 
the goal would not«have been forgotten in this way. КбШег(14) found 
that he could sometimes obtain better results from the chimpanzees by 
reinforcing the customary bunch of bananas with some pieces of orange. 


Type III. Forcing response, 28 per cent. 

Although this type of response might also with justice be described 
as a method of trial and error, it differs in one particular from that 
described under Type II. This difference lies in the fact that remarkable 
difficulty was experienced in appreciating the significance of Lever No. 3, 

Lever No. 2 being invariably forced against it persistently without an 
attempt being made to move it, or even to ‘look’ for it. In six cases 
sheer force prevailed and the lid was squeezed past the still partly ob- 
structed Lever No. 2. This was admittedly due to a defect in the appara- 
tus, but to have prevented the possibility of this type of solution would 
have entailed too tight an adjustment of the levers, which would have 
interfered with a more rational solution. In two cases the attempt was 
abandoned and success only came after the observer had encouraged the 
subject. In two cases actual help had to be given; thus the observer 
asked “ What's preventing it?” In one case the solution followed imme- · 
_ diately ; in the other the subject had to be told to look for the obstruction. 
А very similar result was obtained by Buytendijk (15) with his chimpanzee 
Sim. Here a simple lever was obstructed by а weight which had to be 
moved away before the lever could be moved and the box opened. In. 
spite of the fact that the ape understood the use of the lever, he failed in 


every trial to remove the weight. This point will be returned to when the — — 
second class of mentally defectives, Class B, is considered. In onecasethe — . 


lid was not opened when the levers had been shown (as in Type II (6). 
In 22 per cent. then, Lever 3 was found and moved only after 
prolonged forcing. This forcing was often carried out in bouts between 
which the subject often vaguely moved Lever №. 1 to and fro or 
_ tried the lid. The forcing was usually conducted with the left hand, 
the subject putting her weight on Lever 2, while staring with a tense 
. expression at some other part of the room. In twelve cases, during some 
such. procedure, the right hand was observed to move in a fleeting 
manner towards the obstructing Lever No. 3. This was touched momen- 
tarily, but the hand was withdrawn after having accomplished nothing, = 
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. or rarely after à slight movement, carried out with no conviction. Then. 

the forcing would be continued as before, until at last the obstruction was 
‘looked for’ and adequately moved. In seven cases this forcing response 
occurred simply as an incident in a trial and error proceda and these 
have been included in Type II. 

"um The solution often came suddenly, apparently as a rush of insight as 
2 “the nature of the obstruction was realized, and would seem to be strictly 
comparable to the ‘jerk’ or ‘flash’ quality described by the Gestalt 
psychologists as characteristic of the ‘closure’ by which a behaviour 

configuration comes to a satisfactory conclusion and tension is relieved. _ 

Qus For this type of response Biihler(16) has coined the word ‘Aha-erlebnis,’ . 

_ which admirably describes the surprise and the pleasure evinced. 


i ` Example (B. C., aet, 22, 1.9. 67). Time 2 min. 45 вес. “Lever 1 moved right round 
о в original position. Lever 2 moved so that it clicked against No. 1 w hich was then. 
.' moved out of its way. The whole time was now spent in a desperate attempt to force - 





2 Lever 2, in spite of warnings of the futility of the procedure (we feared for the appa- _ : HS 


| ratus) Suddenly, after:a short discouraged pause, Lever З was moved down. Lever? 
маз moved somewhat doubtfully and the box open 


(4) Results. Class B. 


The conditions of the experiment differed in this group in that the _ 
"whole series of boxes was presented. It was anticipated that by this means 
the subject would be assisted not only by presenting the lever complexesin 

m graded order of difficulty, but by sustaining his interest in the task by his. 

. rapid success in the earlier boxes. By the time that the final box was | 








reached, therefore, given some learning capacity, the subject would be . 


familiar with: 
(1) The general notion,of lever movement. 
(2) The movement of opening the lid (not so simple as might be 
imagined, as the end did not project). 
(3) An idea of where to find the levers in relation to the rest of the 
оха ‘place-analysis’ in fact. 
— Table II shows a detailed report of the results. When a failure occurred 
(i.e. a cessation of striving, or persistent wandering of the attention in 
ipite of exhortation), the difficulty was explained to the subject and he 
was then allowed to try the next box. This help sometimes took the form - 
of touching the unobserved lever and showing the subject how to move it - 
_ for himself, or if this failed (as it sometimes did), the movement was carried 
.. out before his eyes. In Class B this was effective in all but one case. The 
_ same result was obtained with monkeys by Kinnaman and Haggerty (17). 
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Table П. Class В. | | 


Group (i) Not able to open Box I, 17 per cent. 

(a) Failed after being shown how, 9. 

(b) Shown I, success in II only, 1. 

(c) Shown I, success in 17, ТЇЇ, IV, 1. 

(d) Shown I and II, success in ПІ and IV, 2. . 

(е) Shown I and П, failed III, 3. 

(7) Shown I and II, success in IH, IV, V, 1. 
Group (ii) Success in I, failed П, 17 per cent. 

(a) Not allowed to proceed, 2*. 

(b) Shown II, failed III, 1. 

(c) Shown II, success in ПІ only, 3. 

(d) Shown ЇЇ, success in III, IV, 7. 

(e) Shown IT, success in ПІ, IV, V, 4. 


Group (iii) Success in I, П, failed ИТ, 5 per cent. 
(a) Not shown III, 3. 
(b) Not shown but passed IV, failed V, 1. 
= (c) Shown III, success in IV and V, 1. 


Group (iv) Success in I, П, ПІ, IV, failed V, 29 per cent. 
(а) Foreing unsuccessful, 13. 
(6) Forcing opened box but Lever 3 not touched, 2. 
(c) Forcing opened box but Lever 3 not touched, 6, 
and on repetition failed to move Lever 3, 4. 
(d) Lever 3 touched but not moved, 10. 


Group (v) Success in I, П, П, IV, V, 32 per cent. 
(a) Trial and error, 6. 
(b) Lever 3 discovered and moved after forcing, 20. 
(c) Satisfactory response, 6. 


* The behaviour was so primitive that further trial was deemed unnecessary; for 
example, in one case the subject fastened his'teeth into the lid and made quite strong 
efforts against the obstructing lever. | 


‚ Group (i). Unable to open Box I, 17 per cent. Nine out of the seven- 
teen who failed to open Box I did not succeed in learning by imitation when 
shown. They did not take the chocolate even when the lid was wide open, 
nor did they repeat the movement after they had been passively ‘put 
through’ the action, to use Thorndike's expression(1). When, however, | 
their hand was passively put into the box so as to touch the chocolate, - 
they usually seized it with avidity and transferred it rapidly to their 
mouths, leaving little doubt that its nature had been recognized and 
appreciated. In this behaviour they resembled the dogs in the similar 
experiments of Hobhouse(5) which were confirmed by Buytendijk (6). 
These nine subjects were all of the lowest grade of idiot, and displayed 
. not the slightest sign of comprehending what was required of them. 
They showed either a vague indifference or a rapidly shifting attention 
` which could not be directed to the task in hand. Of the eight who 
mastered Box I (after being shown how to move the lid), only two suc- 
ceeded with Box П, the others merely carried out repeatedly the movement 
they had just learned, that is, they kept on pulling at the lid. 
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Group (i). Succeeded in opening Box, I, failed in Box П, 17 percent. . s . v 


Having mastered the principle of the first lever, when this had been. 
demonstrated to them, only four (including three carried forward from 
Group (i) (e)) were unable to proceed further. 
Group (iii). Sueceeded in opening Boxes I and П, but failed in Box ПТ, 
_ 5 per cent. These five who, having progressed up to and including Box П, 


__ were unable to open the very similar Box III, all gave low-grade responses 








showing little or no insight. Their success with Box II was due in most 
, савез to random movement and the fortunate accident of displacing the 
-= lever gave them no clue to the analogous situation presented by Box ПІ. 


Example (E. C., mental age 2,4; by Merrill Palmer test). 

Вох I. “Slow approach. Opened the lid at first trial.” 

(005. Box П. “Lid tried several times, the hands being passed round it. Eventually his 
hand touched the lever which he moved. Lid opened. 33 sec." 

Box III. “Lid tried. Lever 1 attempted in a lateral direction (as in Box П) but not. .. 
with sufficient force in an anterior direction to move it completely. Box moved about. 
“Levers 1 and 2 moved a little in a correct direction. Subject gave up the attempt after 
9 min. without displacing either lever entirely, despite persistent fingering.” 

Example (E. B., mental age 255; by Merrill Palmer test). 
Вох І. "Opened at once." 
Box П. “25 вес. Lid tried several times. Lever moved accidentally by brushing 
against it." 
Box Ш. “Failure after 3 min. Lever 1 was displaced accidentally in the course-of 
prolonged tugging at the lid, but the other lever was not touched. Attention wandering 
all the time." 


Group (iv). Success with Boxes I, П, IH, IV, failed at V, 29 percent. - 
Box IV gave little difficulty and only three persons failed in it after 
having negotiated Box Ш. 

In Group (iv), twenty-nine subjects were unable to locate and move 
Lever No. 4 in Box V. Six opened Box V by vigorous forcing in spite of 
warnings from the observer. In four of these cases the box was imme- 
diately re-set (out of sight of the subject) and the test repeated. 

In spite of the fact that in the first trial the forcing powers had 
|... pushed Lever 3 violently upwards and had often actually come against 

the hand of the subject as he opened the lid, in the second trial the 
forcing was resumed and no notice taken of Lever 3. After a while this 
° foreing was spontaneously abandoned, ог was stopped by the observer 
- when it became obvious that no new procedure was forthcoming. 
< Та surveying the results obtained in the series of Boxes I-IV а 
perseverative tendency can be detected. This was shown throughout 
the series by the ‘carrying-over’ of a movement which had proved 
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successful in one box to the attempt on the next. In Boxes II, III and IY : i a 


the bent lever holding down the lid is so pivoted that the movement oe 
required to shift it alternates. In Box П a lateral movement is effective, — — 


in Box III a forward movement, in Box IV a lateral movement again. 
: Те first opportunity for a ‘carrying-over’ of this nature occurs in Box П 
< where the lid was tried (before touching the lever), and this movement 


_ уаз usually repeated several times despite its futility. This occurred in 





276 per cent. of cases. The perseverative effect of Box П іп Box III was 


seen in 24 per cent. of cases. The perseverative effect of Box ТП on Box ү 


was seen in 27 per cent. of cases. 

Group (v). Thirty-two subjects were eventually successful, т.е. they 
were able to work through the entire series without help of any kind. 
Only six used a pure method of trial and error without learning from 
experience, while twenty found Lever No. 3 after some forcing of Lever 2. 
Thus, in the two groups (iv) and (v) consisting of sixty-one persons in 
all, only 10 per cent. used the pure trial and error method. This can be. 
explained by the fact that these subjects could learn and that in the. 
previous boxes the lever holding down the lid (No. 1 in Boxes II and III, 
— No. 2 in Box IV) had been successfully moved, and so in the majority of 
cases there was no delay in selecting it for trial with conviction. More- 
over, the first two movements made in Box V (Lever 1 moved and No. 2 
tried) were the very ones already successfully adopted in Box IV, so the. 


perseverative tendency already described would reinforce the ‘place __ 


< analysis. The difficulty lay in the blind perseverance with this forcing - 

and in the ability to appreciate the new lever. The same repetition of 

unsuccessful movements has been observed by Ruger(is) who tested 
normal adults with wire puzzles. 


_ Group (v) (c) contains the best type of response. The six cases in this _ o d 
group showed a very marked improvement on their fellows, so good in 
fact that the observer made certain in each case that it was поб а second — 


trial. It must be admitted that four of these boys, although technically 
imbeciles, were of higher grade and capable of manual work under super- 
vision, so ‘transfer of learning’ may account for their success. 


Table ПТ. Analysis of results in this subgroup. 


Errors made Errors made in Number 
in Box V Boxes I, H, ПІ, IV of cases 
0 3 1 
1 3, 4, 5 3 
2 T 1 
3 5 1 


Total ES 
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In 39 per cont; of Class B (compared with 32 per cent. in Class A) some 
or all of the levers were replaced. The percentage may be larger in Class B 
= for the simple reason that the chances of doing so were 4 : 1 in the case of 
. those who had worked through the series. In Class A, the movements 
were usually so ‘automatic’ that it was thought they might be due to 
general training in neat and tidy behaviour. This may be true, but when 
the procedure occurred among the imbeciles a different explanation | 
suggested itself. In this class the movements were often uncertain and 
slow and sometimes imperfect. Occasionally they were repeated. The 
‘impression was given that the subject wanted to make sure of this new 
. trick he had learned. Sometimes this replacement of the levers occurred - 
when the subject had been told to sit down after the box had been . 
opened and while the report was being written, the subject often taking 
-pains to replace the levers exactly. It would seem that this was done from 
sheer intellectual curiosity, and satisfaction over an accomplished task. 
One is irresistibly reminded of the behaviour of Konsul, Kéhler’s 
















most talented chimpanzee (19), who, when he had achieved the remarkable - b 


.. feat of fitting together two short sticks to make a longer one with which to 
fish in some fruit outside his cage, was observed to repeat this procedure. 
with evident satisfaction, even when there was no fruit as a definite 
objective. 








(5) Discussion and conclusions. 


› (1) Consideration of the problem involved. 
The point must now be considered why Box V should have presented 
such difficulties to the vast majority of both classes—often unsur- 
_ mountable difficulties to Class В. Box IV was easily solved. In both 
boxes the problem was superficially the same, that is, Lever 2 was ор-. 
structed by another lever (No. 1 in Box IV and No. 3 in Box V). The 
similarity ends here, for the positions of the obstructing levers are 
_- different and it is in this difference that the difficulty must lie. = 
In Class B it was the exception to find a co-operation between hand 
. . and eye. This tendency was also noted in Class A, but was more evident 
the lower the grade of the subject. Touch was therefore the main channel 
of information, and in Box IV the left hand naturally came into contact 
with Lever 1 when Lever 2 was moved (as had been learned in the previous 
_ boxes). Thus when Lever 2 clicked against Lever 1, there was no need 
_ for the sense of obstruction to give rise to an explicit idea “there is 
_ something obstructing this lever." The hand had already touched Lever 1, 
and by this time it was realised that a lever (cold and hard to the touch) 
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was ‘something to be moved.’ In Box V, however, the obstrueting lever | 
was not at hand, it was somewhat remote from the area already known 
_ Ъу ‘place analysis’ (the left-hand top corner). Moreover, it was usually 
out of sight if in their forcing efforts the subjects approached too near 
-the box to see the front of it properly. Thus, in this case it was necessary 
for the sense of obstruction to give rise to an explicit idea of ‘something 
obstructing’ and therefore ‘something to be moved away’ in order to 
achieve success. That this process occurred in a subject as an implicit 
idea—without true insight—may be inferred perhaps from the transient 
touches the subject sometimes gave to Lever 3 which, inadequate in. 
themselves, were often followed by true insight and subsequent movement 
of the lever. This process may be given a theoretical interpretation by 
invoking Spearman's third principle of cognition—the eduction of 
correlates (20). Thus, the given fundament is Lever No. 2, the relation 
is the sense of obstruction, and the correlate to be educed is the ‘some- 


Table IV. Table to show the relationship between type of 
| response, and time taken. Class A. 


Туре I. (a) 
LQ 87.5 815 79 735 72 72 655 64 60-5 54 51 48 44 
Time іп sec. 7 8 7 5 30 7 15 7 10 13 Баз 
(b) 
LQ. 84 78 75 78 58-5 54 
Time in sec, 16 24 10 21 14 32 - 
(с) : oy 
1.9. 80-5 80 76 75 74 68 67 67 B8 555 48 45 445 445 


Time in sec. 26 29 33 30 15 19 20 27 19 17 39 23 19 2 


Type H. (a) 

» LQ 89 785 75 74 70-5 66-5 66 655 59 
Time in sec. 15 18 33 17 40 36 27 13 44 
LQ 59 58 58 545 54 505 49 40 
Time іп sec. 175 34 54 120 20 22 32 18 


(5) 


LQ. 73*  73* 67 65 63 60 58 58 57* 56 
Time in sec. 210 103 210 240 274 218 129 56 82 352 
LQ. 55 50-5 49  48* 45.5* 45 45 44-5 40.5 40 
Time in вес. 76 125 86 12 102 42 120 56 80 45 
(c) 
1.9. 85% 58 57 48:5 45 
Time іп вес. 49 127 40 53 58 
Type Ш. 

LQ. 765 75 72:5 71 69-5 67 64 63 63 63 61 
Time in sec. 94 119 91 135 145 165 115 83 16 224 205 
1.Q. 61 60 48 48 41 47 46 46 45:5 45 43 


Time in sec. 165 119 348 171 255 92 110 185 38 55 41 
* Mixed type of response, i.e. trial and error plus a forcing phase. 



























Groups (iv) and (v), Class B. 
Group (iv). c n $ 
“Box Il Box HI Box IV 

20 8 18 

5 15 17 

8. 5 10 

: 3 9 5 

20 п 6 

18 . 7 18 

6 14 8 
48. 23 30 

022 11 105 
329: 10 9 

No delay No delay No delay 

47. 1 9 

52 4 5 

8 3 6 

38 6 93 

14 4 9 

7 2 4 

57. 21 43 

9 п 7 

29 13 16 

п 5 8 

36 6 8 

17 13 _ 10 

4 138 4 

17 14 8 

3 и 3 

240 -Ë 4 
TW 14 10 

Group. (у). . 

Box II Box Ш Box IV Box V 
26 8 5 63 
30 16 31 83 

No- delay 5 3 26 
12 3 4 10 

2 1 11 9 

20 26. 12 30 
33 40 - 18 67 
No delay No delay No delay 13 
38. и. ll 126 

8 7 6. 40 

3 3 3 32 

45 5 9 19 

2 6 5 26 

8 ll 16 21 

20 10 5 40 
9 Le 7 39 

8 3 5 8 

№ delay 6 4 16 
23 6. 4 58 

2 8 7 78 

20 31 13 41 
69 101 103 51 
50 16 5 23 

18 9 п 36 

16 21 35 И 
38 31 18 78 
No delay 20 21 51 

26 4 9 63 
Be 9 7 9 
10 5 12 167 

B uy 6 11 82 
«61 91 125 164 
о 7 58 
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thing obstruting,' ie. Lever No. 3. Or again, the whole process may Cs 


_ be summed up in the language of the Gestalt psychologists by saying 
3 that the configuration of Levers 1 and 2 has expanded to include Lever 3. 


(ii) onn divin of the time tables. 


Class A. It will be seen that the time taken is short with Type I and 
_ markedly lengthened in the more primitive responses of Types П and III. 
Also, аё е Intelligence Quotient bears no constant relationship to . 
either time taken or type of response. Thus as a criterion of efficiency or 
mental grading, a performance test of this nature would appear to be of | 
little general value. Whether, on the other hand, it is of value in distin- 
guishing the feeble-minded as a class from the normal adult as a class, 
cannot be decided from the present investigation, though it is clear that 
a swift grasp of the problem and co-ordinated solutions does not occur 
readily amongst those of lower intelligence. 

Class В. Generally speaking the time taken (in this case an index of. : 


learning) shows a marked fall from Box П to Box Ш, a slight rise im | 


Box IV (as compared with III but not П) and a marked rise in the case 
of Box V which in Group (iv) was not successfully opened. This shows 

that there was a capacity for profiting by experience up to a point, 

but that in many cases the limit of this capacity was soon reached. А 

situation involving two or three factors could be mastered, but one 

involving four factors was too difficult. 


(11) General conclusions. 


The conclusions that may be drawn from these experiments are as 
follows: 


(1) The results show a definite similarity to those obtained’ by | C 


analogous experiments with animals, especially with the anthropoids. oe 
As many as 144 out of 200 did not rise above the general trial and error — 


method reinforced by a capacity to learn, which is the way in which - 
experimental animals tackle the problem; that is to say, they were 
unable to form an immediate perceptual configuration of the whole: 
problem. | 

(2) With the exception of the lowest grade idiots, learning by experi- 
ence was the rule, so much so that in Class A the test was valueless if the 
whole series was used. 

(3) Normal adults showed no difficulty in grasping the problem of 
Box V (three interconnected levers), but only thirteen out of 200 mental 
defectives approached this level. It is clear, therefore, that the grasping - 












ifficulty to the mentally defective. 
(4) Except for the thirteen giving truly intelligent responses the time 
actor does not seem to be important, but a short time period necessarily 


onger than 20 sec. is incompatible with a normal mentality. 

(5) Success with this test although roughly related to general in- 

telligence shows no close correspondence. For example, among the 

thirteen who gave the superior response, one showed an Intelligence 
Quotient of only 44 as tested by the combined Binet-Porteus(7), (8) 


. tests while one with an Intelligence Quotient of 85 appeared in Type II 


.. of Class A. 





correlation with general intelligence shows at the same time that this 


function is not uniformly distributed, and that while a ‘9’ factor plays | - : - 
_ apart an ‘S’ factor must also be taken into account. It Sou seem that = 
the appreciation of spatial relationships and manipulation of spatial 





configurations is an important study, for it is from these spatial con- 


speech, the basis of all higher mental processes, is derived. 
Further, the study of such configurations is closely bound up with 


the study of images in general, and to these we may next direct our. 


: attention. 


V. BLOT TESTS. . 
(1) Preliminary observations. 


The previous experiments suggest the importance of image formation 
and the following experiments were undertaken to investigate imagery 
in mental defectives. 

| Rorschach in his book Psychodiagnostik suggested the use of blots to 
_ investigate the visual imagery of individuals. The idea was to obtain as 
... nearly as possible a meaningless pattern and to discover what the subject 
read into it. This idea is of course not new, for it has long been recognized 
in aesthetics that any pattern may be used as a stimulus to imagery. 

Blake instructed his pupils to study the damp stains on plaster walls, 
while the old pastime of seeing pictures in the fire depends on the same 
principle. 


QS SLs 
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of 'spatio-mechanical relationships of this complexity presents serious 


nvolves the use of a Type I response, and it would seem that a time : | 


Co Like other tests this shows the inability of the defective to construct . 
E ог hold complicated patterns involving spatial relationships, and this _ 
. must depend on the paucity of the cortical neurones, but the want of exact — 


_ figurations and their demarcations, analyses and integrations, that 
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(2) Method of experiment. 

In our experiments, which were carried out by Miss J. Worger 
assisted by Miss M. Havers, in the lower grade group of mental defectives, 
we used the blot test on the same two classes of 100 relatively high grade 
girls and 100 boys of the imbecile and idiot class. Our objects were (1) to 
test the visual imagery aroused by the presentation of the blots, (2) the 





Fig. 10. 


degree to which the colour was noticed and mentioned, (3) the degree to 
which any attempt was made to describe and define the image, apart 
from giving a definite ‘configuration,’ e.g. tree, butterfly, etc. It is 
interesting to note that out of 711 responses obtained from 600 presenta- 
tions, i.e. three ‘blots’ to each of 200 subjects, only two responses of 
‘ink’ were obtained and one of ‘blot.’ Our material consisted of three 
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blots (Figs. 10, 11, 12), which were presented to each subject in a definite 
order of complexity. These were prepared by shaking a few drops of 
blue-black and red ink on a sheet of ordinary paper and folding it over 
symmetrically while the ink was wet. In this way coloured patterns 
were obtained of more or less suggestive form. 





Fig. 11. 


We classified the results as to imagery into three groups: 

(1) Good; when many images were given as a response or when the 
response was such as to denote a vivid imagination with power to com- 
bine images, as for example, in response to the third blot: “А woman 
standing by a tree with a dog.” 

(2) Poor; when the subject failed to give at least three responses to 
the series of three blots. 

(3) Fair; all results between the Ist and 2nd groups. 
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(3) Results. 
(i) Goodness of imagery. 
In the 100 high grade girls, we obtained responses from all and found 
that: 


18. showed good imagery. 
59 fair i imagery, 
23 poor i imagery. 


The 100 low-grade bc 

imbeciles who could n 

64 imbeciles rising to j 
whom gave some sor тө sponse, 
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Of these 64 high-grade imbeciles, 2, or 3 per cent., showed good imagery, 
22, or 34 per cent., showed fair imagery, 
and 40, or 63 per cent., showed poor imagery. 
Of the total number of both classes, 20, or 10 per cent., showed good imagery, 
81, or 40-5 per cent., Же fair imagery, 
and 63, or 31-5 per cent., showed poor imagery, 
while 36, or 18 per cent., gave no response. 


It will be seen, therefore, that richness of imagery corresponds roughly 
but by no means exactly with intéllectual capacity. 

1% was found that 40 of the 100 high-grade girls and 5 of the higher 
grade imbeciles, $.е. 22-5 per cent. of the total, showed descriptive ten- 
dencies in this test. By descriptive we mean that the subject would enu- 
merate parts of the image evoked, e.g. if she said a blot was a butterfly, 
she would go on to say there are its wings, that is its back and there are 
its legs. 


In the high-grade cases 6 out of 18 ‘good imagery’ subjects were descriptive. 
Adding to this total 2 ‘good’ cases from the lower group who were not desoriptive 
the percentage is 30 per cent. 

In the high-grade cases 24 out of 59 fair imagery subjects, *.e. 41 per cent. were 
descriptive. Adding 2 out of 22 fair in the low-grade group we have 26 out of 81, 
or 82 per cent. 

In the high-grade cases 10 out of 23 poor imagery subjects, +.е. 44 per cent. were 
descriptive. Adding 3 out of 40 poor imagery subjects im the low-grade group we 
have 13 out of 63, or 21 per cent. 


It would appear that the tendency to descriptiveness occurs in those 
of higher intellectual capacity, but has little relation to the richness of 
imagery except’ in so far as this latter has relation to intellectual 
capacity. 

Observation of colour was found to occur in 49 of the higher grade girls, in 6 
higher grade imbeciles and 2 lower grade imbeciles. Relating this to types of imagery 
we found that in the higher grade girls 8 out of 18 good imagery subjects, i.e. 
44 per cent., noticed colour. Adding 2 good imagery subjects from the lower group 
who did not notice colour the percentage is 40. 

28 out of 59 fair imagery subjects, i.e. 47 per cent., in the higher group noticed 
colour. Adding 2 out of the 22 similar subjects in the lower group we find the per- 
centage is 37. 

13 out of 23 poor imagery subjects, i.e. 57 per cent., noticed colour in the higher 
group. If we add 6 out of 40 in the lower group the percentage is 30. 


It would appear therefore, that the noticing of colour has little to do 
with the richness of imagery, but that those of higher intellectual capacity 
have a much greater tendency to notice and mention it than those of 
lower mentality. 
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(i) Varieties of images. 

The sort of images formed is an interesting study. It was found 
that 144 different images were described in the 711 responses obtained 


from the 600 tests involved by showing three blots to each of 200 subjecta. 
The images fall roughly into the following groups: 


Things that fly (birds, bate, eto.) "T 19 
Human beings or parte of the body Ар; 15 
Insects (butterflies, beotles, eto.) ... гаж 13 
Miscellaneous Ris DE Же EP 4l 


For Blot 1 there were 259 responses (61 varieties of response) from 
200 subjects, or, excluding those who gave no sort of response to any of 
the three tests, 164 subjects. Amongst these responses, ‘butterfly’ was 
prime favourite, occurring 60 times (24 per cent.). ‘Dog’ came next with 
25 responses, and ‘cat’ and ‘bear’ with 12 each. In spite of the prepon- 
derance of ‘butterflies, common animals were the favourite response 
occurring 94 times. Thus: 


Dog 25 Sheep 7 Bull 1 
Cat 12 Lion 6 Elephant 1 
Bear 12 Rabbit 6 Donkey 1 
Animal 11 Animal skin 2 Fox 1 
Нотве 7 Lamb 2 


Total 94 


‘Insects,’ using this as a general term, came next occurring 88 times 
as follows: 


Butterfly 60 Fly 4 Moth 1 
Вее 7 2 Meatfl 1 
Dragonfly 5 Beetle 2 Horse stinger 1 
Wasp 5 
Total 88 
Next came ‘flowers and trees’ 21, thus: : 
Flower 10 Iris ‚1 
Tree 7 Buttercup 1 
Violet 1 Fruit 1 
Total 21 
and ‘flying things’ also 21, thus: А 
Bird 7 Parrot 2 
Bat 6 . Owl 1 
Dragon 4 Wings 1 
Total 21 


The next group comprised parts of the human body or persons, 
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including one imbecile who thought the blot indicated the examiner 
herself. These totalled 17, thus: 


Man 4 Lady 2 Nose ‘1 
Body 3 Tongue 1 Mouth 1 
What was meant for buttocks Head 1 Examiner .1 
but not indicated so crudely 2 Fingers 1 M 
Total 17 


Two subjects were found to declare the blot was ‘ink,’ while one said 
it was a blot. Other responses were as follows: 


Cloud 2 Wall 1 Seed cake 1 
Vase 2 Gollywog 1 Picture 1 
Fan 1 Doll 1 House 1 

1 Ornament 1 


Mat beater 1 Mountain 1 
р Total 14 


In the case of the second blot, as might be expected with a more 
complicated but more difficult pattern, there is an increase of variety 
of response, viz. 72, while the actual number of responses is less, viz. 248. 
In this group ‘tree’ is prime favourite with 54 responses, ‘butterfly’ 
falling to second place with 21, ‘flower’ coming next with 20. The vege- 
table group comes an easy first with 107, thus: 


Tree 54 Bush 2 Rose 1 
Flower 20 Fir tree 2 Flower pot 1 
Leaf 6 Cauliflower 1 Basket of flowers 1 
Cabbage 6 Brussels sprout 1 Sycamore tree 1 
Vase of flowers 4 Chrysanthemum 1 Ash tree 1 
Plant 3 Fern 1 Palm tree Y 
Total 107 
* Flying things' come next with 51, thus: 
Bird 18 Pigeon 2 Wings 1 
Bat 16 Peacock 1 Starling 1 
Eagle 6 Stork 1 Woodpecker 1l: 
Blackbird 2 Aeroplane 1 Crow .l 
: . Total 61 
The insect group number 31, thus: 
Butterfly 21 Wasp 2 
Dregonty 4 Beetle 1 
Moth 3 25 
Total 31 
Animals are various but few, comprising 16 responses, thus: 
Mouse 2 Animal skin 1 Cow 1 
Bull 2 Dog 1 Buffalo 1 
Pony 1 Crocodile 1 Rat 1 
Cat 1 Animal 1 Fish 1 
Bear ' 1 Rabbit 1 
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Clouds, etc., come next with 12 responses, thus: 


Cloud 9 Smoke 1 
Stormy sky 1 Fog 1 
Total 12 


Then ‘landscape phenomena’ with 10 responses, thus: 


Rock 4 Pool of water 1 
Mountain 4 Fountain 1 
Total 10 


In the miscellaneous group we have 19 including, according to an 
imbecile, a portrait of himself: 


Ма 5 Filleted plaice 1 Chinese puzzle 1 
ЕТТ 2 Beehive 1 Parcel 
Vase 2 Flag 1 Me, t.e. subject 
Star fish 1 Church pire 1 imse 1 
Basket 1 Burning incense 1 

~ Total 19 


For the third blot, the most complex of the series, we again find a 
decrease in responses, viz. 204, with an increase in variety, viz. 84. ‘Tree’ 
is again the favourite response, but only occurs 23 times, ‘flower’ being 
second with 18 and ‘frog’ third with 12 responses. The largest group was 
the animal group which showed 63 responses, thus: 


Frog 12 Crocodile 3 Gorilla 1 
Веаг y Sheep 3 Goat 1 
Animal 6 Cat 3 Cow 1 
Dog 5 Elephant 2 Deer 1 
Lion 4 Fox 2 Camel 1 
Horse 4 Lion skin 1 Tiger 1 
Fish 4 ~ Animal skin 1. 

Total 63 

Next came the vegetable group with 56, thus: 

Tree 23 ' Logs of wood 1 Blossom 1 
Flower 18 Petals 1 Plant 1 
Flowerpot 3 Ivy leaves 1 Branch 1 
Bush 2. Oak leaf 1 Beech nut 1 
Fir tree 1 Leaf 1 = 

Total 56 


Then the human body or parts of it with 28 responses, thus: 


Skeleton 7 Person dancing 2 Head 1 
Man 5 Body 1 Nose 1 
Face 4 Clown 1 Legs 1 
Statue 3 Lady 1 Fingers 1 


Total 28 
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Next the insect group with 16, thus: 


Dragonfly 4 Spider 2 Wasp 1 
Fly 3 Crab 1 Bee 1 
Butterfly 2 Beetle 1 Mosquito 1 
| | Total 16 
Then the ‘flying things’ group with 15, thus: 
Bat 7 - Eagle 1 Ostrich 1 
Bird 2 Swallow 1 Dead chicken 1 
Owl 1 Duck 1 
: Total 15 
The miscellaneous group were as follows: 
Cloud 3 Map А 1 Scarecrow 1 
Motor 2 Coat of many colours 1 Water 1 
Burning Guy Fawkes 1 Candlestick 1 Sea 1 
Paper lantern 1. Design 1 House 1 
Rag doll 1 Puzzle 1 Mountain 1 
Rockery 1 Queen of Hearts 1 Seed cake 1 
е Total 21 


` While two seemed to see a composite picture, thus: 


i A woman by а tree with a dog, 
À mountain with someone standing on it. 


Taking all three blots together, we find that the responses which 
occur more than ten times in all are as follows out of a total of 711 
responses: 


Tree 84 times Bird 27 times Dragonfly 13 times 
Butterfly 83 times Bear 20 times Frog 12 times 
Flower 48 times Animal 18 times Horse 11 times 
Dog 31 times Cat 16 times Sheep 10 times 
Bat 29 times Cloud 14 times Lion 10 times 


The general responses are therefore quite simple and definite ‘con- 
figurations’ suggested from the somewhat nondescript patterns portrayed, 
and these can be produced by individuals quite low in the intellectual 
- scale, having a ‘mental age’ of certainly not more than 4 to 5 years. 


(4) Conclusions. 


(1) The paucity of imagery for the whole group is very noticeable and 
this is related fairly closely to intellectual capacity; the higher the in- 
telligence on the whole the richer the imagery, but rich imagery does 
occur in the lower grades. 

(2) The tendency to description seems to go with higher intelligence 
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but does not correspond to richness of imagery. This would seem to be 
indicative of a power to analyse perceptual configurations. 

(3) The noticing of colour is most frequent in the higher grades but 
does not occur in the lower grade subjects, and probably represents an 
increased richness in the configurations involving some degree of ‘s’ 
factor. | 

(4) There is practically по abstract imagery, the images corresponding 
to the limited environmental stimuli to which these cases are restricted 
owing to their poorly developed nervous systems. This corresponds to the 
difficulty in manipulating any sort of unusual or complicated configura- 
tion in the spatial field. 

(5) There is very little combination of ideas into any sort of composite 
picture, the images which are perceived being simple configurations. This 
seems to explain why unfamiliar spatial configurations are more difficult 
than simple word configurations; also, that directly spatial configurations 
become complex their analysis and consequently their manipulation 
becomes difficult or impossible. 

The mental defective, therefore, gives us an opportunity of studying 
. the capacity for dealing with the simpler phenomenal perceptual con- 
figurations, and further experiments might throw light on how these 
develop from the anthropoid to the full human level. 
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I. INTRODUCTORY. 


From the first use of the term-‘perseveration’ up to the time of the 
present investigation, introversion (or one of its various synonyms) has 
almost invariably been regarded as associated with strong perseveration, 
and extraversion as associated with weak perseveration. Correlations 
have also been frequently claimed between perseveration and certain 
psychopathic states, melancholia especially being associated with strong 
perseveration and mania with weak perseveration. Thus has been built 
пра whole romantic literature round this theme, without, however, any 
adequate experimental proof being offered of its foundation. Indeed 
with the exception of the Dutch school represented by Heymans and 
Wiersma (1), little or no experimental work has been done either to prove 
or to disprove what was, after all, mere assumption. In 1906 these two 
psychologists, using the colour wheel, and light-adaptation and tactile 
tests applied to mental patients and normal people, claimed to find that 
melancholics : were stronger and maniacs weaker perseverators than 
normal people. But their data were far from satisfactory and it was 
therefore decided to re-test their theory in the present investigation, 
and at the same time to examine the general relation between persevera- 
tion and introversion. 

The tests employed to measure perseveration in both these experi- 
ments were the ‘S Test’ (S.), the ‘Triangle Test’ (A), the ‘Alphabet and 
Number Test’ (A.N.) and the ‘Mirror Image Test’ (M.I.)@). Briefly, 

1 This research was carried out with the help of & grant to the Institute from the 
Rookefeller Foundation. 
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they consist in writing letters and figures in the usual manner for 1 min. 
(eg. SSSSSS...), reversing the design for another minute (e.g. 
02282020 ...), and finally alternating the first with the second for 
2 min. (eg. 8282680 ...). Usually these tests are applied five times 
after five practices, and the mark for perseveration is reckoned from the 
last five applications by subtracting the average correct total of the 
second 2 min. work (y) from the average total of the first 2 min. work (=). 


II. PERSEVERATION AND CERTAIN PSYOHOPATHIO CONDITIONS. 


In order to determine the relation between various psychopathic 
states and perseveration 144 patients at the Maudsley Hospital were 
tested for perseveration, and the medical staff supplied the information 
as regards their mental and nervous symptoms by writing a cross 
opposite the name and under the psychopathic symptom which was 
considered specially marked. The average perseveration mark for all the 
144 subjects was determined, and then the averages of those marks 
which fell (a) above, and (b) below that mark were calculated respectively. 
By the three dividing lines thus obtained the subjects were segregated 
into four groups according to the degree of their perseveration. The 
strongest perseverators constituted the group with the highest marks 
and were called extreme perseverators (Е.Р.); they were followed by 
the moderate perseverators (M.P.), the moderate non-perseverators 
(M.N.) and finally by the extreme non-perseverators (E.N.), who were 
the group with the lowest marks for perseveration. The crosses indicating 
the mental and nervous symptoms were separately totalled for each of 
these four groups. When the results were tabulated, the following figures 


` were obtained: 
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Applying Yule’s formula ej? = Ра ү = , where p, is the proportion 


of the cases of the one kind, p; is die opera of the cases of the other 
kind, n, is the number of cases used to get p, and n, is the number of 
cases used to get ра, qı = 1 — Pı, &=1— Pa. The following data 
resulted : 


A. Delusions: P.E. =0-04, p, — р, =0-3, which is nearly 9 times as large as Р.Е. 
В. Melancholics: ».H.=0-04, p, – р, =0-4, which is 10 times as large as Р.Е. 

B. Suspicion: р.н. =0-03, р, — р, =0:9, which is nearly 7 times as large as P.B. 
B. Hysteria: P.E — 0-05, p, — p, —0:8, which is 6 times as large as P.E. 

B. Mania: Р.Е. =0-02, p, —p,=0-08, which is 4 times aa large аз Р.Е. 

В. Paranoid state: р.в. —0:03, р, -р.=0:13, which is 4 times as large as Р.Е. 

B. Obsessions: P.E. —0-08, p, -р+=0:08, which is nearly 3 times as large as P.E. 
B. Erotism: P.E. —0-02, p, — p, =0-07, which is more than 3 times as large as P.B. 
В. Hallucinations: р.в. =0-03, p, — p, =0-08, which is nearly 3 times as large as Р.Е. 


From these data we might conclude that delusion tends to go with 
the intermediate forms of perseveration; that melancholia, suspicion 
and the paranoid state tend to go with extreme perseveration; and that 
hysteria and mania tend to go with extreme non-perseveration. The 
figures for the other symptoms are certainly not significant. The experi- 
menter does not wish to attach undue importance to the significance of 
these results. In the first place, the number of cases grouped under the 
different symptoms was sometimes very small. Secondly, there was some 
lack of uniformity of opinion among the physicians who supplied the 
information, as regards the symptoms, which necessarily made the 
classification difficult and uncertain. But so far as they go, they support 
Heyman and Wiersma’s conclusions, although they are not in exact 
harmony with Wynn Jones’s@). 


х . ПІ. PERSEVERATION AND INTROVERSION. 

A list was compiled of all the characteristics, which at some time or 
other in the development of the concept of ‘introversion’ have been 
associated with it. These characteristics were classified on a circular 
psychological scheme, in the light of Gross’s primary and secondary 


functions (4), purely schematic perhaps, but nevertheless making some 


order and arrangement possible. The following is the list: 


General scheme. 
1. Acceniuated primary function. 
(a) Is unable to relax easily. (Is in a state of general tension—has a feeling of 
being ‘strung up.’) 


(b) Has alert attention. (Is wide awake both to environment and to opportunities.) 
if 


(c) Has vivid impressions. (Is easily and deeply moved by experiences.) 
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` 2. Prolonged secondary function. 

(а) Experiences difficulty in doing more than one thing at the same time (such 
as playing the piano and carrying on a conversation, or listening to music and writing 
a letter), 

(b) Is easily confused and embarrassed under varied stimuli (e.g. he ‘loses his 
ш in crossing а busy street). 

c) Experiences difficulty of apprehension in initial stages of presentation, 
aioe two people, A and B, of equal intelligence are taught to drive в car. 
A grasps the mechanism at once; В is confused at first and takes some time to learn— 
although eventually both drive equally well. ) 

(4) Has & puzzled look on face. 

(e) Experiences the persistent recurrence of a tune to the mind (to the extent that 
it sometimes becomes a nuisance). 

(f) Feels the after-effect of a voyage or train journey (e.g. the water or other 
objects still seem to pass by after the ship or the train has stopped). 

(g) Suffers from ill-effect of sitting with his back to the engine. (Suffers from 
uncomfortable and giddy feelings sometimes followed by sick headache.) 

(А) Has difficulty in adapting his eyes to light contrasts (gets very blind when 
going into cinema and sees flickers on the wall when entering his house on a bright 
sunny day). 

| (+) Experiences difficulty in putting an idea out of his mind (even though it is 
unpleasant). 

(7) Has dreams more commonly about the past than of a premonitory nature. 

(k) Finds that it takes a long time for his emotions to subside after the cause of 
the disturbance has been withdrawn. 

(2) Experiences difficulty in changing from one occupation to another. 

(m) Experiences difficulty in resuming work after interruption. 

(n) Finds that his temptations persist and will not be shaken off (e.g. he succeeds 
in passing a public house but then returns to celebrate the victory). 

(о) Has great difficulty in giving up an unsolved problem. 


3. Undue integration of ideas. 
(a) Interested in many things at the same time. 
(b) Experiences a tendency to regard all external stimuli in relation to prevailing 
idea—even though they are obviously irrelevant. 
`» (c) Has his ideas highly developed and deeply rooted ч. е. he knows his subject 
- in all its details, holds strong convictions and is slow in changing them). 

(4) Experiences inclination to bring what is separate into single view (he tries to 
convince himself that all the subjects he is interested in, no matter how different 
in character, dovetail into each other and support each other in such a way as to 
form an ideal combination). 

(е) Has в narrow range of thought (is interested in only a few things). 

(f) Works with great spurts of short-lived energy. 

(g) Confines his energy to the subjects he is mainly interested in. 
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4. Undue tsolation of ideas. 

(a) Experiences difficulty in working with implements other than his own even 
though they are identically the same. 

(b) Is averse to change, for no apparent reason. 

(c) Is fearful of attacking a new job. 

(4) Is given to abstract thinking (often occupied with his own thoughts). 

(e) Has & high feeling-tone associated with his ideas, so that he has little energy 
left for carrying them into execution. 

(f) Experiences delight in developing ideas for their own sake, and not principally 
for the financial gain or the fame that might result. 

(g) Develops а feeling of attachment to things used to (e.g. he looks upon old 
clothes as if they were his friends). 

(h) Has difficulty in realising his ideal, beoause of inability to adapt himeelf to 
his environment (e.g. by being unpractical or too individualistic and wanting to do 
everything himself). 

($) Derives enjoyment from talking about himself. 

(3) Is critical of others. 

(Е) Is impatient of criticism. 

(0 Is obstinate. 

(m) Is fearful of making enemies. 

(n) Derives extra pleasure from harmonious surroundings (as contrasted with the 
person who brightens up with a fight). 

(o) Has very little social consideration: does not study the comfort of other people. 

(p) Has pronounced individual personality, being noticed and discussed no matter 
how muoh he tries to keep in the background. 

(q) Is fearful of having his idea tested (it оин not work, and the pleasure of 
anticipating success will disappear). 

(r) Prefers to work alone. 

(в) Is subject to day-dreaming. 

(t) Is reticent. 

(и) Is competitive. 

(v) Is а poor loser. 

5. Undue conflict of ideas. 

(a) Comes into conflict with his environment, even though he starte well and is 
determined not to disturb favourable relations. 

(b) Suffers from tormenting emotions (e.g. bitterness, fear, anxiety, eto.). 

(c) Is given to comparing his own feelings with those of others, and finding that 
his &re different either in degree or in quality. 

(d) Heaps up libido (which manifeste itself during idleness in irritability, rest- 
lessness, dissatisfaotion, eto.). 

(e) Suffers from exaggerated introspection. Inner facts and feelings are always in 
the foreground. 

(f) Has a tendency to exaggerate the feeling behind his ideas. 

(g) Lacks harmony (is in conflict with himself). 

(h) Has a dual personality (not necessarily as marked as that of Dr Jekyll and 
Mr Hyde). 

($) Thinks that people do not understand him. 
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0. Resulting temperament. 


а) Feels intensely, but ‘consumes his own smoke.’ 

b) Displays great emotionality: feels strongly and shows it. 

c) Has ‘ups and downs’ in mood for no apparent reason. 
Is ‘touchy.’ 

(e) Suffers from melancholia. 

(f) Gets homesick (unduly so, and without adequate cause). 

(g) Takes things too seriously. ‘ 

(4) Seeks consolation in nature rather than in amusements. 

(3) Views outside world with distrust (e.g. he has no faith in human nature). 

(j) Has mental aberrations (so that when he looks back from one period of his 
life to another he thinks that he must have been mad to do the things he did). 

(k) Shows violent reaction to punishment: instead of clearing the atmosphere it 
brings about a feeling of hatred or revenge. : 

(1) Is ‘nervous.’ 

. (т) Is silent and anxious (both symptoms must be present). 

(n) Lacks tact. 

(0) Leads solitary existence: keeps in background on social occasions. 

(р) Experiences difficulty in restoring relations on right lines once they have been 
disturbed. 

(q) Suffers from a feeling of inferiority. 

(r) Experiences a feeling of irritation against environment for no apparent reason. 

(в) Suspicious of motives of others. 

(t) Pays serious attention to rumours. 

(u) Is effeminate. (The man prefers a quiet domestic life to risking life and limb 
in big-game hunting or flying the Atlantic: the woman is perfeotly satisfied with home 
and children, and finds no pleasure in mountaineering, playing athletic games, or 
going in for politics!.) 


temperament fütiotion 

Undue conflict 5 Prolonged secondary 

of ideas funotion 

Undue isolation . : 

of ideas Undue integration of ideas 





1 The medical staff judged patients under this head by their sexual life. It was found 
that many extreme perseverators (men) had not succeeded in oonsummating marriage, and 
that the extreme non-perseverators (women) were generally masculine in build and hair 
grew on their faces. 
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A list of these qualities was supplied to each of the members of the 
medical staff at the Maudsley Hospital, and the work was started on 
those patients in the hospital who had recovered so far that they were 
on the point of being discharged. All of them had been subjected to 
some previous psychological analysis, and could therefore perhaps be 
relied upon to give a fairly accurate account of themselves. This part of 
the work lasted over a period of 18 months, during which 236 subjects 
were tested for perseveration and intelligence and estimated for 
introversion. 

The subjects were taken individually and in small groups by the 
members of the staff, six in all, who were in constant consultation with 
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each other, and who had an intimate knowledge of the patients and their 
case histories. Each interview, more often thàn not in the presence of 
the experimenter, lasted from 2$ to 3 hours, and was spread over a 
period of several days. The characteristics were taken one by one and 
were fully explained by the medical officer and experimenter, who also 
answered all questions bearing on the point. The patient was asked to 
indicate by writing a cross on the list those characteristics which were 
specially well-marked in his mental make-up. The subjects were then 
tested for perseveration, ranked on the average of the four tests applied 
: five times, and were divided into the four equal groups of extreme 
perseverators (E.P.), moderate perseverators (M.P.), moderate non- 
perseverators (M.N.), and extreme non-perseverators (E.N.). The 
characteristics marked for each:group were counted, and the figures 
shown on p. 120 resulted, which for the sake of comparison were brought 
to percentages of the actual number of crosses present in relation to the 
maximum possible number for each characteristic. | 


Applying the formula e? = 7141. Раз the following characteristics 


9t 
proved definitely significant for the different groups, E.P., M.P., M.N., 
Е.М., in the manner in which they are classified below. 


Extreme perseveration. 
6 (9) Takes things too seriously. 
6 (о) Leads solitary éxistence and keeps.in background on social occasions. 
4(g) Develops a feeling of attachment to things used to. 
2(m) Has no difficulty in resuming work after interruption. 
4(g) Has no fear-of getting idea tested. 
4 (v) Is not a poor loser. , 
Moderate perseveration. 
4(b) Is not averse to change. 
4 (0) Is very considerate. 
6 (q) Has no feeling of inferiority and bitterness. 
4(h) Has marked ability to adapt to environment. 
5 (5) Наз no tormenting emotions. 
Езиетв and moderate perseveration. 
) Has alert attention. 
) Experiences Ш effect of sitting with back to engine. 
) Experiences delight in developing ideas for their own sake. 
4(n) Harmony in surroundings gives extra pleasure. 
6 (a) Feels intensely. 
6 (В) Seeks consolation in nature. 
6 (1) Is nervous. 
6(u) Is effeminate. 
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Extreme non-perseveration. 
e) Experiences persistent recurrence of tune, etc. to the mind. 
g) Conserves energy for things interested in. 
a) Interested in many things at the same time. 
f) Works with great spurts of short-lived energy. 
h) Has dual personality. 
f) Experiences homesickness. 
6 (m) Is silent and anxious. 
6(r) Feels irritation against environment. 
6 (t) Pays serious attention to rumours. 
2 (Т) Experiences difficulty in changing from one occupation to another. 
4 ($) Derives enjoyment from talking about himself. 
5 (9) Lacks harmony. 
4(o) Has very little social consideration. 
6 (q) Feels inferior and bitter. 
2(%) Has difficulty in adapting eyes to light contraste. 
2(n) Experiences persistence of temptation. 
2(f) Experiences no after-effeot of voyage or train journey. 


Moderate non-perseveration. 
4(u) Is competitive. 
4 (т) Is not afraid of making enemies. 
5 (a) Does not come in conflict with environment. 
6 (e) Does not suffer from melancholia. 
4(v) Is not а poor loser. 
6 (h) Seeks consolation in company. 


Eatreme and moderate non-perseveration. 


l(a) Is not &ble to relax easily. 

4 (1) Is critical of others. 

4(k) Тв impatient of criticism. 

6(c) Has ups and downs in mood. 
: 6(i) Views outside world with distrust. 

6 (n) Lacks tact and resourcefulness. 

6(p) Has difficulty in restoring relations with other people. 
` 6(s) Suspicions of motives-of others. 


Moderate perseveration and non-perseveration. 
(c) Has vivid impressions. 
) Emotions take a long time to subside. 
) Experiences tendency to regard all external stimuli in relation to pre- 
vailing idea. ; 
3(c) Has ideas highly developed and deeply rooted. 
3(d) Is inclined to bring what is separate into single view. 
З (е) Has a narrow range of thought. 
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4(d) Is given to abstract thinking and inventing. 
4(p) Нав a pronounced individual personality. 
4(r) Prefers to work alone. 

4(t) Is reticent. 

5 (4) Heaps up libido. 


Extreme perseveration and non-perseveration. 
2(a) Has difficulty in doing more than one thing at a time. 
2(j) Dreams more commonly about the past. 
2(0) Experiences inability to give up unsolved problem, 
6 (d) Is touchy. 
2(%) Experiences difficulty in putting an idea out of his mind. 
4 (1) Is obstinate. , 
5 (с) Given to comparing own feelings with those of others. 
D(f) Has tendency to exaggerate feelings behind ideas. 
5 ($) Thinks that people do not understand him. 
2(c) Has difficulty in apprehending in initial stages of presentation. 
2(d) Has puzzled look on face. | 
4 (с) Is fearful of attacking new job. 


A first glance at the figures and more especially at the rated charac- 
teristics brings about a state of confusion of mind that is very disturbing. 
One has first and foremost to contend with the multiplicity of results in 
a relatively unknown field, and the task of assimilating them is made all 
the more difficult because the manner in which they group is both 
unexpected and contrary to all preconceived ideas and theories. On 
further examination, however, different explanations suggest themselves 
and several lines of investigation open up. 

One thing seems to be beyond dispute, namely, that the facts before 
us definitely explode the theory held so long and by such eminent 
psychologists, that introversion is synonymous with extreme persevera- 
tion, or that there is any significant correlation between perseveration 
and what was generally supposed to be the mental make-up of the 
introvert. If anything the very opposite is the case. Twenty-four of the 
characteristics attributed to introversion occur in the tables, specially 
among the extreme non-perseverators, and only fourteen among the 
extreme perseverators. Eleven are common to both extremes, four are 
markedly absent among the extreme perseverators, and only one among, 
the extreme non-perseverators. Moreover a linear correlation between 
the number of introvert characteristics marked for each subject and the 
corresponding scores for perseveration proved to be — 0-23, which with 
a probable error of + 0-043 is definitely significant but negative. 
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We can go a step further and say that our new classification of these 
characteristics forces us to alter our time-honoured conception of the 
introvert, and that it lays down a tentative basis for a new and a more 
scientific orientation of types. It becomes clear on the most superficial 
examination that the extreme perseverator tends to be a very different 
person from the extreme non-perseverator, notwithstanding the fact that 
they have no less than eleven characteristics in common, and that the 
intermediate perseverators, as a class, are distinct from and in some 
respects the very opposite to the extremes, although the moderate 
perseverator and the moderate non-perseverator differ slightly inter se. 
' The seventy-seven rateable qualities which have hitherto been claimed 

by various psychologists to be characteristic of the introvert have thus, 
in so far as the figures have proved significant, been broken up into 
distinct categories. ` | 

Prima facie it might make for clarity and а more scientific classifica- 
tion if we grouped the characteristics hitherto attributed to the introvert 
under different degrees of perseveration, which in itself is a native quality 
of the nervous system, innately different with different individuals, and 
constituting a general factor of the mind. For the time being, there- 
fore, taking into consideration the results embodied in the experi- 
menter’s previous paper (2), we seem justified in classifying persons on 
the basis of their degree of perseveration, and the outstanding facts are 
these. ` i 

The extreme perseverators and non-perseverators have in common 
lack of self-control and perseverance to a marked degree, and they are 
unreliable, obstinate, ‘touchy’ and difficult. They differ from each other 
in that the extreme: perseverator tends to be effeminate, ‘nervous,’ 
sensitive, sentimental, serious, shy, and solitary, whereas the extreme 
-non-perseverator tends to be suspicious, inconsiderate, critical; impatient 
of criticism, tactless, silent and anxious, and in a state of general tension 
with ups and downs in mood. 

The intermediate perseverators differ from the extreme perseverators 
in that they are reliable, selt-controlled, persevering, easy to geb on with, 
thorough, practical, reticent, and self-reliant. They differ from each 
other particularly in that the moderate perseverator is considerate, 

„harmonious, and reflective, whereas the moderate non-perseverator is 
courageous, jovial, and a good mixer. 

The average scores made by the extremie perseverators and ‘the 
moderate perseverators in test No. 33 of the National Institute of 
Industrial Psychology are 127-7 and 113-1 respectively, whereas the scores 
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made by moderate е and extreme non-perseverators are 
110-2 and 99-2 respectively. .- 

The following diagram.may prove useful i in.summing up the most 
outstanding and UG results. 


Lacks self-control and perseverance, is unreliable!, obstinate, ‘touchy’ and ‘difficult’ 
Ут 


. ЕР. $ EN. 
Rebellious, . Irritable, 
serious, . selfish, 
shy and aolitary, silent and anxious, 
more intelligent М.Р. М.М. leas intelligent 

— m 0—1 
Effeminate, ‘nervous,’ Inconsiderate, critical, 
sentimental, sensitive taotless, ups and downs 
in mood, suspicious 
Considerate, Courageous, 
harmonious, jovial, ‘good 
reflective mixer’ 


Self-controlled, persevering, reliable1, 
practical, reticent, self-reliant 


Because of the very nature of this work as regards both the subject 
of research and the wide field it covers, the above results cannot be 
regarded as more than tentative. So much, however, is certain that 
within certain limits they afford the basis for a more scientific classifica- 
tion of character types than has hitherto been possible, and that they 
definitely show the psychologist how, in a practical form, he may 
help to place the -measurement of character at the disposal of the 
industrial and educational world. For а long time it has been amply 
evident, both to the industrialist and to the teacher, that intelligence and 
special ability do not go far without steadfastness of purpose and 
stability of character; and hitherto these two have been unknown 
qualities. Now at last, with perseveration as a touchstone, the science 
of vocational guidance and selection can at least foresee the possibility 
of dividing, with some measure of success, the stable subjects from the 
unstable and the reliable from the unreliable, in addition to measuring 
them for general intelligence and for special abilities. 


1 See this Journal (2), where it was shown that laok of self-control, perseverance and 
reliability go with the extreme, and the ‘persistent’ qualities of character with the 
moderate, forms of perseveration. 
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IV. Summary. 


The supposed association between the melancholic state and extreme 
perseveration and between the maniacal state and extreme non-per- 
severation appears to be confirmed by this investigation. 

But it directly contradicts the association previously claimed between 
extreme perseveration and the several qualities of character which have 
from time to time been supposed to indicate introversion. Not only the 
extreme perseverator but also the extreme non-perseverator tends to 
lack perseverance and self-control and to be obstinate, unreliable, 
‘touchy’ and ‘difficult.’ Whereas the perseverator tends to be ‘nervous,’ 
sensitive, effeminate and sentimental, the non-perseverator tends to be 
inconsiderate, tactless and critical. The moderate perseverator tends to 
be considerate, harmonious and reflective, the moderate non-perseverator 
to be courageous, jovial and a ‘good mixer.’ 
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I. INTRODUCTION. 


Ir is often argued that all learning, whether animal or human, consists of 
the formation of conditioned reflexes. Pavlov, indeed, says that “it is 
obvious that the different kinds of habits based on training, education 
and discipline of any sort are nothing but a long chain of conditioned 
reflexes” (Pavlov, 1927, p. 395), while Hunter suggests that one of the 
conclusions to be drawn from a careful review of experimental studies of 
learning is that “all learning is fundamentally of the conditioned reflex 
type” (Hunter, 1929, p. 622). 

One of the most obvious objections to this theory arises from the 
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nature of “trial-and-error” learning, such as in the formation of maze 
and problem-box habits. It appears, superficially at least, as though 
the selection of successful responses and the rejection of unsuccessful 
responses implies that in some way the consequences of an action deter- ` 
mine whether the action is to be repeated or dropped out in subsequent 
trials; and this kind of selection and rejection of responses seems to be 
different from what is usually meant ‘by ‘conditioning.’ The nature of 
trial-and-error learning suggests, in fact, that some, kind of retroactive 
principle, such as that of Thorndike’s “Law of Effect” (Thorndike, 1911), 
must be added to the principles of ‘conditioning’ in order to.explain the 
phenomena of learning; and this conclusion is suggested particularly 
strongly by such experiments as those of Blodgett (1929) and Bruce (1930) 
on the relation of reward to maze performance. 

A believer in the conditioned reflex theory is likely to reply to ob- 
jections of this kind by referring to, among other things, the complexity 
of the conditions of the experiments from which the “Law of Effect” has 
been deduced. It may be pointed out that in в maze or problem-box 
experiment the animal is reacting with a very complex series of muscular 
movements to a very complex series of sensory stimuli; and that in 
successive trials neither the stimuli nor the responses are in any strict 
sense the same. Since, also, no complete record of the stimuli or of the 
responses is ever kept in these experiments, and since, even if it were, the 
record would be so complex as to defy analysis, it may be urged that it 
is useless to attempt to argue on the basis of maze and problem-box ex- 
periments about the laws governing the formation of connections between 
stimuli and responses. In order to find those laws, it may be argued, it is 
necessary to experiment (as in Pavlov’s laboratory) under conditions in 
which the stimuli to which the animal reacts are simple and controllable, 
and in which the response which is studied is simple and measurable. 

The experiments described in this paper were made in an attempt to 
study trial-and-error learning when the relevant stimuli and responses 
were made as simple, and as nearly repetitive in successive trials, as 
possible. Guinea-pigs were used as experimental animals, and, as in 
Pavlov’s work, the animals were held in a stand in a sound-proof room 
during the experiments. Each guines-pig was taught, by means of a 
reward of carrot which was given immediately after it had made the 
required response, to turn its head to one side in response to the sound of 
a buzzer. A discussion of whether the behaviour which was observed in 
these experiments can be explained on the conditioned reflex theory is 
given (in Section V (b)) after à description of the experiments. 
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П. DESCRIPTION OF APPARATUS. 


Fig. 1 is a diagram of the apparatus. The guinea-pig stood on a wooden 
platform PP, and its body was held relatively still by means of a jacket J, 
and by a number of adjustable pads, of which B is one. (The jacket J, 
together with four tapes which were attached to it and which passed round 
the animal’s legs, was fastened to the wooden arm A). 


Experimenter’s room 
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. Fig. 1. 





The guinea-pig's head was free to move, but two cloth-covered metal 
strips (of which SS is one) pressing lightly against the animal’s cheeks 
ensured that any movement of the head to either side was transmitted 
to a light wooden arm EE. The arm EE was mounted on ball bearings so 
that it could rotate about a vertical axis RR, and it was connected by a 
' piece of thin fish line to a lever L, working on a kymograph КК; во that 
a kymograph record of sideway movements of the guinea-pig’s head was 
obtained. Vertical movements of the head were not recorded. 

In front of-the platform PP was a lever FG, on top of which at the 
end F was fastened a piece of freshly cut carrot, while on the top of the 
end G was a piece of soft iron. The lever could rotate about a horizontal 
axis H, and the experimenter could lift the end G (by pulling the string 
8885) until the iron touched the electromagnet М, the attraction of which 
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was sufficient to hold the lever in that position, 1.e. with the carrot out of 
reach of the guinea-pig. When the current through the electromagnet was 
broken the end G of the lever FG would fall, and the carrot would then 
rise to a position where it was within easy reach of the guinea-pig. In 
order to reduce the noise of operation of the lever a pad № of soft material 
was placed below the end G, and the piece of soft iron was covered with 
cardboard. 

A kymograph record of the guinea-pig’s respiration was obtained by 
means of a tambour Т connected through a rubber tube # to a rubber 
balloon (containing pieces of sponge) which was fastened to the under side 
of the animal’s jacket J in such a way that each inspiration produced 
compression of the balloon. This arrangement recorded the rate and 
regularity of the animal’s respiration, but it did not give a reliable 
measure of the depth of breathing. 

The kymograph had a strip of smoked paper about 8 ft. long, which 
moved at about 2 in. per min., so that it was possible to obtain а con- 
tinuous record of the guinea-pig's head-movements and respiration for 
about 45 min. A chronometer C, marking seconds, and an electro- 
magnetic marker J, operated by the experimenter, also recorded on the 
kymograph. The kymograph was worked by clockwork and ran very 
quietly, as did the lever L, the tambour Т, and the chronométer C; but 
the marker I made an appreciable sound when it was operated. 

The whole apparatus was in a sound-proof room, since the results were 
found to be very irregular in a room which was not sound-proof, and the 
experimenter was in an adjacent room. The experimenter could observe 
the guinea-pig through a telescope OO which passed, through the wall. 
A human subject in the sound-proof room could not hear sounds made 
by the experimenter in the next room; and throughout the experiments 
the guinea-pigs gave no sign that they heard any noises from outside. 

In addition to observing the guinea-pig, operating the marker J and 
pulling the string ssss (to remove the carrot from the animal), the experi- 
menter could switch on or off a buzzer Q which was placed beneath the 
platform PP and directly under the guinea-pig, and he could also control 
the current through the electromagnet M. By means of a two-way switch 
the experimenter could arrange the circuit of the electromagnet either so 
that the circuit could only be broken by the experimenter (by means of 
another switch) or so that it was broken automatically when the guinea- 
pig turned its head to one side. In the latter case the current to the 
electromagnet passed through a light mercury switch U which was con- 
nected to the wooden arm ЕЁ by a piece of fish line in such a way that 


G. С. GRINDLEY 131 


when the arm was turned to a certain position on the appropriate side 
the line became taut and opened the switch. The line could be attached 
to the arm ЁЁ either in such a way that the switch would be opened by a 
movement of the animal’s head to the right, or so that it would be opened 
by a movement to the left. The length of the line was such that in either 
case the switch was opened when the guinea-pig turned its head through 
about 30° from the normal (directly forward) position. The circuit through 
the electromagnet could thus be arranged either so that the carrot could 
be presented to the guinea-pig at will by the experimenter, or so that the 
carrot was presented immediately the guinea-pig turned its head to an 
angle of about 30° to one side. 

The method of recording head-movements which has been described 
above is not very satisfactory. Its main defect is that the guinea-pig 
sometimes thrusts its head forward through the strips SS, and sometimes 
draws its head back, so that equal movements of the arm HE do not 
always correspond to equal rotations of the head. Another defect is that 
guinea-pigs sometimes struggle to escape from the strips, and that it is 
difficult to arrange the strips far enough back to make it impossible for 
the animal to escape from them and yet far enough forward to give a 
reliable record of the animal’s head-movements. Several other methods 
of automatic recording of head-movements were tried, but, for various 
reasons, none of them was satisfactory. 

In the experiments with some of the guinea-pigs the strips were used; 
while with others the strips were removed, and the head-movements were 
merely observed through the telescope by the experimenter and noted 
down as accurately as possible, there being in front of the platform a rough 
scale against which the position of the animal’s nose could be measured. 
In the latter case the time of response (i.e. the time taken by the guinea- 
pig to turn its head to a given position after the buzzer had been switched 
on) was measured by means of a stop-watch, and, immediately the re- 
sponse was made the experimenter released the carrot. The former 
method (using the strips) gives a much more complete record of the 
guinea-pig’s head-movements during an experiment; but with the latter 
method the amounts through which the animal must turn in order to 
obtain the carrot are more nearly constant in successive trials. It is 
desirable that in future work of this kind the response used should be one 
which can be recorded automatically and accurately. 

Neither of these two methods gave accurate measurements of the 
time of response when this time was short, since, with either method 
errors of as much as 0-25 sec. are quite probable. In the learning curves 
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shown in Section IV the times of response are shown as they were measured 
on the kymograph record, or by the stop-watch; but it must be remem- 
bered that, owing to the inaccuracy of the timing, many of the fluctu- 
ations in the curves when the time of response is less than about 1 sec. are 
not reliable. 
ТП. EXPERIMENTAL PROCEDURE. 
(a) Preliminary training. 

Before beginning the actual experiments it was necessary to allow the 
guinea-pigs to become accustomed to being held in the apparatus, and to 
eating the carrot when it was presented to them in the way described. 
A guinea-pig which had had no food for about 20 hours was therefore 
placed in the apparatus and left there for about D min. ; after which time 
the experimenter released the carrot and waited for the guinea-pig to 
eat. When the animal had taken a few bites the carrot was removed. 
After an interval of from 1 to 5 min. the cazrot was again presented, and 
this procedure was continued for about half an hour each day. 

On the first few days the guinea-pigs usually struggled violently when 
being put into the jacket, and when they were in the apparatus they often 
spent much of the time either in struggling or in standing still and rigid, . 
with their eyes wide open, in an attitude which may have been one of fear 
or anger. Most of the animals would not eat at all in the apparatus on the 
first day. Аз the training proceeded the guinea-pigs struggled less when 
they were being put into the jacket and when they were in the apparatus, 
and their general attitude suggested placidity rather than fear or anger. 
Exploratory head-movements, accompanied by sniffing, became more 
common, and the animals often nibbled the front of the platform on which. 
they were standing. When the carrot was presented they ate after an 
interval which became progressively shorter as the training proceeded. 

The training was continued until, on two successive days, the guinea- 
pig never hesitated more than about 1 sec. before eating. This usually 
occurred after from 8 to 15 days of training, and it was found that by 
this time most of the animals did not struggle at all when being placed in 
the apparatus. A few animals which, after training periods of about this 
length, still showed many long hesitations before eating, were discarded. 


| (5) Formation of habit. 
When the preliminary training was complete, the procedure on each 


day was as follows: 
The guinea-pig (which had been without food for 20 hours) was placed 
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in the apparatus, the kymograph was started, and the experimenter then 
immediately left the sound-proof room. After about 4 or 5 min., at a 
moment when the guinea-pig was facing directly forwards, the experi- 
menter switched on the buzzer and at the same moment set the two-way 
key in the circuit ofthe electromagnet so that а movement of the animal’s 
head would cause the carrot to be released. When the guinea-pig made 
the required movement it, of course, obtained the carrot; but, as soon as 
it had taken one bite the experimenter removed the carrot by pulling the 
` string 3888 (in Fig. 1), switched off the buzzer, and re-set the two-way key 
80 that it was now impossible for the guinea-pig to obtain the carrot by 
turning its head. The time at which the buzzer was switched on, the time 
at which the guinea-pig made the required response, and the time at 
which the carrot was removed, were all recorded on the kymograph by 
the experimenter by means of the electromagnetic marker, although the 
second of these times could be obtained more accurately from the record 
of the animal’s head-movements. 

This procedure was repeated several times during the half-hour period 
for which the guinea-pig was in the stand. Some of the animals were given 
ten trials on each day, and for these animals the interval between suc- 
cessive trials was from 1 to 3 min., with an average of about 2 min. Other 
animals were only given five trials on each day, and for these the interval 
between trials was from 3 to 5 min., with an average of about 4 min. 
Irregular intervals of this kind were used in order to avoid the possibility 
that the guinea-pigs might form habits of turning their heads to one side 
at regular intervals instead of habits of turning their heads in response to 
the sound of the buzzer (cf. Pavlov, 1927, p. 41). The exact length of the 
interval was determined by the guinea-pig’s behaviour, the buzzer being 
switched on (whenever this was possible within the limits of time allowed 
for the interval) at a moment when the animal’s head was fairly still and 
facing approximately forwards. (It sometimes happened that on the first 
or second day of learning a guinea-pig took so long to make the required 
response to the buzzer that it was not possible to give the full number of 
trials during the 45 minute period of which a kymograph record could 
be taken.) 

` Altogether nine learning curves were taken, seven of them being 
records for 10 successive days, and the other two being records for 
shorter periods. In four of the curves the animal’s head-movements 
were recorded on the kymograph, and in the others the times of response 
were measured with a stop-watch (cf. Section IT). In the latter cases the 
experimenter was only able to note the times of response to the buzzer, ` 
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whether before making the correct response the animal either made a 
partial turn in either direction or a complete turn in the wrong direction, 
the approximate times at which these turns occurred, the number of 
turns to either side during the intervals between trials, and any striking 
features of the animal’s behaviour such as struggling, nibbling, or sleep. 
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Fig. 2 is copied from a typical kymograph record of one trial, and it 
shows what measurements can be made from a record of this kind. The 
record shown is of the fourth trial on the third day of a guinea-pig which 
had ten trials each day, and in the figure the record has beén corrected 
for the curvature of the path of the lever which recorded the animal's 
head-movements. 

(c) Reversal of habit. 


Some of the guinea-pigs which had learned to turn to one side on the 
sound of the buzzer were afterwards taught to turn to the opposite side 
instead. To produce this kind of ‘reversal’ of a habit the procedure was 
exactly the same as during the formation of the original habit; excepting 
that the guinea-pig now obtained the carrot by turning, on the sound of 
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the buzzer, to the side opposite to that to which it had previously learned 


pir (d) Extinction of habit. 

With two guinea-pigs records were obtained of the ‘extinction’ (ef. 
Pavlov, 1927, p. 48) of a habit of turning to one side on the sound of the 
buzzer.: After the original habit had been formed, 4.e. after 10 days of 
learning, each animal was placed in the apparatus in the usual way, and 
in the usual state of hunger. The buzzer was switched on for 30 sec. at 
intervals corresponding to the intervals between successive trials in the 
original learning, but whatever response was made by the animal, the 
carrot was never released. This procedure was continued for 10 days. 


IV. Rxsurrs. 
(a) Formation of habit. 
It was found that all the guinea-pigs subjected to the procedure 
described in Section III (b) gradually learnt to turn their heads to one 
side on the sound of the buzzer. That is to say, the time of response (i.e. 


Log; (time of response) 





. Days 

Fig. 3. A typical learning curve. : 
the time between.the moment when the buzzer was switched on and the 
moment when the animal turned its head to an angle of about 30° to the 
side on which this movement produced release of the carrot) became, on 
the average, progressively less in successive trials. 

Nine learning curves were obtained in this way, and the curve shown 
in Fig. 3 is typical. In this case the animal was given ten trials on each 
9-2 
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day, and the head-movements were recorded on the kymograph. In 
Fig. 3 (and in the other learning curves in this paper) the times of 
response are plotted on a logarithmic scale. The average time of response 
diminishes from about 100 sec. in the first few trials to about 1 sec. in 
the last trials. But it will be seen that the curve is very irregular, 
although towards the end of the learning, when the average time of 
response is short, the curve is smoother. There are, however, in this 
part of the curve, a few points (4, B, and C in Fig. 3) at which the 
animal gave an abnormally long time of response; but in each of these 
cases the animal turned its head very nearly to the required position at 
the moments indicated by the crosses, and then returned to the forward 
position as though expecting the carrot to appear, and either waited for 
some time or repeated the partial response before making the complete 
response. Such partial responses, made a short time after the buzzer was 
switched on, occurred with all the guinea-pigs in very nearly every case 
where, towards the end of the learning, there was an abnormally long 
time of response. On the other hand, the long responses made during the 
first few days of learning were only occasionally preceded by quick 
partial responses of this kind. 

The curve АВ in Fig. 4 is an average learning curve for four guinea- 
pigs. The animals each had five trials оп 10 successive days, and there 
was an interval of about 4 min. between successive trials. The times of 
response were measured by a stop-watoh. The quantity plotted in the 
curve AB is the average logarithm of the times of response on each day, 
so that each point on the curve represents twenty readings. 

The general behaviour of the guinea-pigs after the buzzer was switched 
on éhanged very much as the learning proceeded. At the first few trials 
the usual response to the buzzer was a slight ‘start,’ followed by a more 
or less prolonged period of immobility during which the animal appeared 
to be standing rigidly, with its eyes wide open. During this period respira- 
tion was rapid and irregular. After а time the guinea-pig would begin to 
move its head; the movements appearing to be, in some cases, struggles 
to escape from the apparatus and in other cases investigatory movements. 
Sooner or later the animal made a movement to one side sufficient to 
release the carrot, but this did not always happen until after a period of 
quiescence or sleep, and head-movements to the wrong side were often 
made before the correct response.. The time of response was thus quite un- 
` predictable for the first few trials; for instance, while one guinea-pig at its 
first trial did not happen to make the correct response until the buzzer had 
been sounding for 35 min., another animal made the response in 28 sec. 


G. C. GRINDLEY 137 


Later in the learning the response to the buzzer appeared quite dif- 
ferent. The guinea-pigs showed no signs of fear, but they sometimes 
showed food responses such as nibbling movements and sniffing when the 
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Fig. 4. 
buzzer was switched on. They seldom or never turned their heads through 
any large angle to the ‘wrong’ side before making the correct response. 
Towards the end of the learning the animals would usually, after a short 
pause when the buzzer was switched on, turn their heads to the required 
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position in one very rapid movement. If they did not turn quite far 
enough in the first movement they would sometimes turn further almost 
immediately, but in other cases there was a considerable interval before 
they made the complete response (as has already been indicated in con- 
nection with the points ABC in Fig. 3). Throughout the learning the 
guinea-pigs almost always ate immediately the carrot was presented. 


(b) Behaviour between trials. 


The animals differed considerably in their behaviour during the in- 
terval between successive trials. Some of them spent much of the time 
in quiescence or sleep; while others were usually active, either in moving 
their heads (perhaps in investigatory movements), or in nibbling the front 
of the platform. Violent struggles seldom occurred after the end of the 
preliminary training (cf. Section III (a)). 

After 1 or 2 days of learning, when the animals were beginning to 
learn to turn their heads to one side—the ‘food side’—on the sound of the 
buzzer, the frequency of head-movements to that side during the intervals 
between trials increased relatively to the number of head-movements to 
the other side. The movements to the food side were often followed by 
nibbling movements and sniffing, as though the animals expected the 
carrot to appear after the head-movement even though the buzzer was 
not sounding. Towards the end of the learning, movements to the food 
side during the intervals became less frequent with most of the animals; 
and this part of the guinea-pigs’ behaviour may perhaps be regarded as 
an example of a process analogous to Pavlov’s ‘generalization’ and sub- 
sequent ‘differentiation’ in the formation of conditioned reflexes (Pavlov, 
1927, p. 110). - ; 

The average time between successive head-movements to the food 
side during the intervals was always (except on the first day or two of 
learning) much longer than the average time of response to the buzzer. 


(c) Changes in behaviour during each day. 

In Fig. 5 the curve AB represents the average values of the logarithms 
of the times of response in the five different trials in one day. The curve is 
calculated from the results of the four guinea-pigs whose average learning 
curve is shown in Fig. 4, and it refers only to the last 6 days of learning 
(t.e. to a period when the learning was fairly far advanced). The curve CD 
is identical with the curve AB, but it is depressed by an amount equal to 
the average improvement in the time of response from one day to the 
next during the 6-day period in question. It will be seen from the curves 
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that there is a tendency towards ‘regression’ during the 23 hours between 
one experimental period and the next, in that the time of response tends 
to be longer in the first trial of any one day than in the last trial of the 
preceding day. The curves EF and GH show the average frequencies of 
head-movements to the 30° position on the food side and on the opposite 
side during the intervals preceding each of the five trials. It will be seen 
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that head-movements to the food side tended to be less frequent during 
the interval before the first trial than during the subsequent intervals. 
Both of these effects—the ‘regression’ in the time of response, and 
the tendency for head-movements to the food side to be less frequent 
before the first trial—were well marked in most of the nine learning 
curves. (Six of the animals showed a marked tendency towards regres- 
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sion, and eight showed the other effect clearly.) There are several possible 
explanations of these effects; for instance, they may be due to a state of 
fear which persists for some time after the animal is placed in the appara- 
tus, or to an arousal of the animal’s food-seeking tendency by the presen- 
tation of the carrot in the first trial, rather than to any property of the 
stimulus response connections underlying the habit of turning the head. 


(d) Variability of the results. 

The curves C, D, E and F in Fig. 4 illustrate the differences in the 
average performance on the first day and in the rate of learning between 
one guinea-pig and another. The four guinea-pigs represented by these 
curves were all males of about the same age (18 months); and their treat- 
ment, both during the preliminary training and during the learning was, 
as nearly as possible, identical. The number of animals (nine) used in the 
experiments was not sufficient to warrant any conclusions about the 
influence of such factors as age, sex, or the spacing of trials on the rate 
of learning; nor was it clear from the results whether the animals which 
were most active during the intervals between trials learnt more or less 
rapidly than the others. 

The dotted curves above and below the curve AB in Fig. 4 indicate 
the variability of individual trials. The points on the dotted curves were 
obtained in the following way: A complete learning curve (similar to 
that in Fig. 4) was plotted for each of the four animals, and in each case ' 
a smooth curve was drawn through the points obtained. The vertical 
distance of each point from this smooth curve was then measured, and 
the average of these distances for each day was calculated for each 
guinea-pig, and for all four animals together. The vertical distances from 
the points on the curve AB in Fig. 4 to the points on the dotted curves 
above and below are each equal to the latter average distance. This 
means, roughly, that if AB were the smoothed learning curve for one 
animal, the chance (assuming a normal distribution of deviations from 
the smooth curve) that any individual reading would lie inside the area 
bounded by the dotted curves would be somewhat greater than the 
chance that it would lie outside them. It will be seen that the curves 
suggest that the variability of the times of response decreases (relatively 
to the average time of response, as well as absolutely, since the curves 
are plotted on a logarithmic scale) as the learning proceeds, but it must be 
remembered that the inaccuracy of the timing of the short responses 
(of. Section II) makes the measurements of the variability unreliable 
towards the end of the learning. 
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(е) Reversal of habit. 

In six guinea-pigs which had learnt to turn to one side on the sound 
of the buzzer, the habit was ‘reversed,’ according to the procedure de- 
scribed in Section III (c). It was found that in all these animals the earlier 
habit was eventually replaced by a habit of turning to the opposite side 
on the sound of the buzzer. 

Fig. 6 shows a typical reversal curve. The curve is for an animal, 
‘Tom,’ which had previously learnt to turn to the right, and its average 
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Fig. 6. A ‘reversal’ curve. 


times of response during the original learning are shown in the curve E 
in Fig, 4, Both in the learning and in the reversal the animal was given 
five trials on each of 10 successive days, and the reversal was begun оп. 
the day after the last day of the original learning. In Fig. 6 the circles 
show the times of response for the new habit ($.е. the times from the 
moment at which the buzzer was switched on to the moment at which 
the animal turned its head to the required position on the left—and so 
obtained the carrot), while the crosses show the times of response for the 
old habit (turning to the right) in those cases where this response was 
made before the new response. In some cases the animal made the old 
response several times before it made the new response, but in these cases 
only the time of the first old response is shown. 

It was found that, as might be expected, at the beginning of the 
reversal the animals always gave the old response almost immediately the 
. buzzer was switched on. After making this response they usually re- 
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turned their heads to the central position and sniffed or made nibbling 
movements. This behaviour was usually repeated many times before the - 
new response was made. The new response, when it occurred, was some- 
times a part of a wild struggling movement (following upon failure to 
obtain the carrot by repeated turns to the old side), but in other cases it 
appeared to be an investigatory movement, or, possibly, a movement 
directed towards obtaining food. 

In later trials the old response became less frequent and none of the 
four guinea-pigs of Fig. 4 ever gave the old response before the new re- 
sponse after the sixth day of reversal. During the reversal two of the 
animals developed a tendency to turn their heads rapidly, on the sound 
of the buzzer, first to the old side and then to the new side, but, after a 
few days of this behaviour, the turns to the old side were omitted. 

The results give some evidence that the tendency to turn to the old 
side before turning to the new side is stronger in the first few trials of 
each day than in the last few trials of the preceding day. But the results 
are not sufficiently numerous to prove this. 

(f) Extinction of habit. 

With two animals curves of extinction were obtained, by the pro- 
cedure described in Section ПТ (4). In both cases the animal at first 
responded immediately to the buzzer, and made the response many times 
during the 30 sec. period for which the buzzer was sounding. Ав the 
extinction proceeded the average time of response to the buzzer became 
greater,and the average number of responses during the 30 sec. period 
became less. Later on, the animals usually failed to respond at all, and ` 
on those occasions when they did turn their heads while the buzzer was 
sounding they were almost as likely to turn to the opposite side as to the 
` side on which they had obtained the reward during the original learning. 

There was some evidence that the habit undergoing extinction 
tended to be stronger in the first few trials of each day than in the last 
few trials of the preceding day (cf. Pavlov, 1927, pp. 58-59). 


V. Disoussron. 
(a) Simplicity of experimental conditions. 

In discussing the relevance of these results to theories (such as the 
conditioned reflex theory) which deal with the laws governing the forma- 
tion of connections between stimuli and responses, it must be remem- 
bered that the ideals of physiological simplicity and exact repetition 
were not attained either with the stimuli or with the responses in these 
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experiments. A buzzer, on any theory of hearing, gives a complex pattern 
of, auditory stimulation, and it is not likely to make exactly the same 
kind of buzz at every trial. The movement of the head to one side involves 
a number of different muscles (though it is a fairly simple example of an 
integrated movement), and since the elevation of the head and the dis- 
tance it was thrust forward varied somewhat in different trials, it is clear 
that the guinea-pig was not rewarded for exactly the same pattern of 
muscular contraction on different occasions. 

Another point which must be remembered, both in connection with 
these experiments and in connection with experiments such as those of 
Pavlov, is that the apparent simplicity of the stimuli and responses is 
largely a result of the selective nature of the method of observation 
employed by the experimenter. When, in the present experiments, the 
guinea-pig turns its head in response to the sound of the buzzer, it must 
not be assumed that the auditory stimulus is the sole sensory stimulus 
tending to produce this response, or that the head-movement is the only 
response produced by the auditory stimulus. What actually happens, of 
course, is'that the auditory stimulus produces a large number of re- 
sponses—such as an increase in the rate of respiration, pricking up of 
the ears, and, probably, changes in circulation and in the tonus of many 
of the skeletal muscles. In many cases, no doubt, there were also actual ` 
movements of the animal’s trunk and limbs, though these could seldom 
be observed. All these responses produce secondary, or ‘backstroke,’ 
sensory ifnpulses, and the experiments do not show whether the head- 
movement is a direct response to the buzzer, or to the secondary impulses, 
or to both. | 

Nevertheless it may be claimed that the stimuli and response in these 
experiments were simpler and more nearly repetitive than those used in. 
previous studies of ‘trial-and-error’ learning; and, until experiments are 
made under more strictly controlled conditions, it is reasonable to use 
these results as a basis for a discussion of the laws governing the formation 
of connections between simple stimuli and simple responses. 


(b) The conditioned reflex theory. 

The literature on conditioned reflexes does not contain many state- 
ments of the principle of conditioning which are sufficiently definite to 
be useful in a discussion of, the theory that this principle will explain 
all the phenomena of learning. According to Holt (1931, p. 24) the passage 
in Pavlov’s writings “most nearly approaching a definition” is (to quote 
only the part which is relevant to this discussion): 
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“Tf any casual (or ‘indifferent’) stimuli happen, once or a few times, 
to accompany stimuli which elicit definite inborn reflexes, the former 
stimuli begin of themselves to produce the effect of these inborn re- 
flexes...” (Pavlov, 1923). 

A better statement of the principle, since it includes the formation of 
conditioned reflexes of higher orders as well as the formation of first order 
reflexes, is that formulated by Holt (1981, p. 25): 

“Т. If one afferent (i.e. sensory) path already has connection with a 
motor path of discharge, then another afferent path if stimulated simul- 
taneously, or nearly simultaneously, with the first afferent path will tend 
to acquire the same motor path of discharge. 

II. After some repetitions of this simultaneous excitation, a stimula- 
tion of the second afferent tract alone will suffice to innervate the same 
motor path (i.e. to produce the same muscular contractions).” 

Now it is difficult to see how the learning which occurred during the 
present experimenta can be regarded simply as an example of the working 
of this principle. It is certainly true that some parts of the guinea-pig's 
behaviour (for instance, the nibbling movements which sometimes 
occurred when the buzzer was switched on) can be regarded as conditioned 
responses. It is possible, also, that during the original learning the for- 
mation of the connection between the buzzer and the appropriate head- 
movement was partly a process of simple conditioning; since, in every 
trial, the head-movement occurred while the buzzer was sounding. That 
is to say, the formation of the connection between the buzzer and the 
head-movement may have been partly a process which was due merely 
to thé fact that in every trial the buzzer and the head-movement occurred 
in temporal contiguity—a process to which the subsequent presentation 
of the carrot was quite irrelevant. But the fact that the habit could be 
‘reversed’ or ‘extinguished’ merely by altering the conditions under 
which the carrot was given, strongly suggests that the occurrence or non- 
occurrence of the reward after a head-movement had a more important 
influence than this simple process of conditioning. 

The results seem to show that when a given head-movement (made 
while the buzzer was sounding) was followed immediately by a reward of 
carrot, this led to the formation or strengthening of a connection between 
the buzzer and the head-movement; but that when the head-movement 
was not followed by the reward the connection between the buzzer and 
the head-movement was weakened. The reward seems to act in a retro- 
active way, strengthening the connection between a stimulus and a 
response which occurred before the reward. An apparently retroactive 
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process of this kind seems to be different from the processes of condi- 
tioning studied by Pavlov—the essential difference in the experimental 
conditions lying in the fact that in Pavlov's experiments the response 
(salivation) which is studied is one which is originally produced by the 
‘reinforcing agent’ (food), whereas in these experiments the response 
(head-movement) is one which is not originally connected with the 
reinforcing agent, and which always precedes the reinforcement. 

It is very difficult to see how the theories used by Pavlov to explain 
his results can, by themselves, explain these results. It is true that 
attempts have been made to explain learning involving apparent retro- 
action by a reward in terms of the.formation of connections between 
groups of neurones (of. Grindley 1927, Troland 1928), 4.e. in terms of a 
mechanism of the same general nature as that employed in Pavlov's 
theories; but explanations of this kind always seem to involve a number 
of fresh assumptions in addition to the assumptions made by Pavlov. 


(c) The law of effect. 

There is, of course, nothing new in the suggestion that some other 
principle, such as that of the retroactive strengthening of connections 
by a reward, must be added to the principle of conditioning in order to 
explain the phenomena of learning. Long ago Thorndike thought that 
principles of both kinds were necessary, and his “Law of Use” is very 
nearly equivalent to the principle of conditioning, while his “Law of 
Effect" implies retroaction by rewards and punishments. 

The present experiments seem to show that a principle involving 
retroaction of this kind is necessary for the explanation of the formation, 
reversal, and extinction of a relatively simple habit under the conditions 
which have been described. But if it is admitted that learning of this 
kind involves more than ‘conditioning,’ as ‘conditioning’ is defined by 
Holt, it may still be argued that the meaning of ‘conditioning’ should be 
widened, so as to make it include the retroactive formation of connections. 
This, of course, raises a purely terminological question. Perhaps it is : 
most convenient to use ‘conditioning’ in the sense suggested by Pavlov 
and Holt, and to use some term such as ‘retroflex action’ (Troland, 1928) 
for the retroactive effect. The terms ‘learning’ and ‘habit formation’ can 
then be used to include processes of both kinds. 

There are probably a number of ways in which ‘retroflexes’ resemble 

` conditioned reflexes. Evidence has already been given that a retroflex 
action, like a conditioned reflex, is extinguished if the response is not 
reinforced; and it seems probable that such processes as ‘external inhibi- 
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tion,’ ‘generalization,’ and ‘differentiation’ occur in retroflexes in much 
the same way as they do in conditioned reflexes. It may be suggested, 
therefore, that retroflex action and conditioning are not two completely 
separate processes involving distinct physiological mechanisms; but rather 
that they are two different results of the working of the same physiological 
mechanism. 


(d) The form of the learning curve. 


When the experiments were begun it was hoped that with a relatively 
simple response and a relatively simple stimulus, and with no distraction 
by outside noises, smooth learning curves might be obtained; but the 
actual curves were nearly all very irregular. The general form of the 
curves suggests that during the learning process there was a tendency for 
the time of response to the buzzer to become gradually less, but that the 
time of response was also subject to rather large ‘random’ variations. 
None of the curves showed the sudden transition from a long time of 
response to a series of much shorter times which is supposed to be 
characteristic of ‘insight’; but two curves showed a sudden and very 
marked drop in variability when the average time of response was about 
4 вес. 

Several attempts were made to explain the irregularities in the curves; 
or, rather, to find other features in the animals’ behaviour which accom- 
panied abnormally long or abnormally short times of response. It was 
found that, as might be expected, a guinea-pig which was ‘sleepy’ (as 
indicated by stillness of the head for some time before the buzzer was 
switched on, closed or half-closed eyes, and deep, slow and regular 
breathing) often gave an abnormally long time of response. But, apart 
from this, an examination of the records did not suggest any definite 
relationship between short or long times of response and respiration or 
head-movements during the interval before the buzzer was switched on. 

It is probably not worth while to attempt to fit an algebraic equation 
. to the smoothed learning curves obtained in an experiment of this kind; 
although it is tempting to argue that such an equation might represent 
a fundamental law of the formation of a retroflex connection between a 
simple stimulus and a simple response. But, while in these. experiments 
the stimulus and the response may have been relatively simple, it seems 
unlikely that the curves represent merely the formation of a connection 
between a stimulus and a response by retroaction under constant con- ' 
ditions. It is probable that they also represent, to some extent, the 
gradual adaptation of the guinea-pig to the apparatus and £o the buzzer. 
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Further, it is probable that the retroactive effect of the food is greater in 
the trials in which the time of response is short than in the trials in which 
it is long. All that it seems safe to argue from the curves is that, under 
the conditions of these experiments, the retroflex formation of a con- 
nection between a relatively simple stimulus and a relatively simple 
response is probably a gradual process. 


VI. Summary. 


An attempt has been made to study ‘trial-and-error learning,’ when 
the response to be learnt is a relatively simple movement, and the stimu- 
lus for that response is also relatively simple. 

Guinea-pigs, placed in a stand in a sound-proof room, were taught to 
turn their heads to one side in response to the sound of a buzzer, food 
being given as a reward when they made this movement. It was found 
that the average time of response became progressively shorter in suc- 
cessive trials. The habit could be ‘reversed’ by rewarding the animal for 
turning its head, on the sound of the buzzer, to the other side; or ‘extin- 
guished’ by ceasing to reward the animal. 

It is argued that it is difficult to explain these results on Pavlov’s 
theory of conditioned reflexes; and that it seems probable that some other 
principle, such as that of Thorndike’s “Law of Effect” or Troland’s 
principle of “ Retroflex Action," must be added to the principle of con- 
ditioning in order to explain the simpler forms of learning. 
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А NOTE ON THE “BINAURAL THRESHOLD.” 


By F. H. GAGE. 
(From the Physiology Institute, University College, Cardiff.) 


Үнем both ears are used in listening to a sound of given intensity, it is 
reasonable to suppose that an improvement in hearing will take place as 
compared with either ear used separately. 

If we consider sounds of low intensity, however, i.e. sounds near the 
threshold of audibility, this statement requires considerable qualification. 

In order to-investigate the matter experimentally, a series of thres- 
hold measurements was made using a pure note of adjustable frequency. 

The source of sound is а sniall moving coil loud-speaker driven by a 
heterodyne oscillator and amplifier. The output stage is shown in Fig. 1. 
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Fig. 1. 


The secondary of the intervalve transformer T is bridged by two resis- 
tances Р, and R, of similar construction. Each resistance has a set of. 
tappings so that the amplitude of the voltage variations impressed on the 
grids of the L.S. 5 A. output valves can be varied. The resistance steps of 
R and R, are designed in such a way that they correspond to intervals of 
5 decibels. For short they are called the decibel boxes. 

By keeping the decibel boxes in step with each other, steps of 5 deci- 
bels are obtained, but by putting one box 5 decibels above the other we 
can obtain steps of half this, with sufficient accuracy for all practical 
purposes. 

The output transformer T, supplies current to the loud-speaker, in 
parallel with which is a circuit consisting of a resistance В; and an А.С. 
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rectifying microammeter. This instrument is used as a control on the. 
intensity of the oscillations produced, all results being reduced to a 
standard reading. 

The loud-speaker S (Fig. 2) is placed in a sound-proof box B, the 
tube T being inserted to convey the sound to the ears. An acoustic 
filter F is placed in this conduit to remove any residual harmonics. The 
tube then branches as at P, each branch terminating in ear-pieces like 
those of а telephone receiver; these are much more comfortable than 
stethoscope ear-pieces. Part of the tubes are made of rubber so that either 
ear can be cut off from the sound by means of а clip. 





The loud-speaker and associated apparatus are placed in a sound- 
proof room. A system of flash-lamp bulbs enables the subject in the 
sound-proof room to communicate with the experimenter controlling the 
apparatus outside. 

The following experimental observations were made for various 
frequencies: ' 

(1) The reading on the decibel boxes was taken for the threshold of 
the left ear, no sound entering the right ear. 

(2) The reading on the decibel boxes was taken for the threshold of 
the right ear, no sound entering the left ear. 

(3) ‘The reading on the decibel boxes was taken for the threshold of 
both ears taken together. 

A blank experiment was performed with the tubes leading to both 
ears blocked; it was found that the sound had to be raised in intensity by 
about 50 decibels before it could be heard. This shows that stray sounds 
from the loud-speaker not passing through the tubes could be neglected. 

Six sets of observations were made as above for each frequency. It 
was found that for any given frequency the left ear sometimes had a 
lower threshold than the right, while at other times the right ear had a 
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lower threshold than the left. This is to be expected, since the threshold 
will depend on the actual fitting of the ear-pieces; we must consider these 
as part of the mechanism of the ear for sensitivity purposes. 

Furthermore, the sensitivity of either ear will vary from frequency to 
frequency, so that the more sensitive ear may for some frequencies be the 
left and for others the right. 

Table I was derived in the following way. The difference in decibels 
between the threshold of both ears together and that of the more sensitive 
ear, t.e. the ear with the lower threshold, was found for each separate 
group of three observations. The average differences for the six sets of 
observations are shown in column 2. The same average differences between 
the less sensitive ear and both ears together are shown in column 3. 


Table I. The frequencies are in the order in which 
the experiments were performed. 
Frequenoy Decibels Decibels 
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From the average of all these observations it can be seen that the 
increase of sensitivity obtained by using two ears instead of only the 
more sensitive ear is 1-0 decibels, an amount hardly outside the experi- 
mental error. On the other hand, the improvement of both ears over the 
less sensitive ear is considerable, being 5-6 decibels. 

It follows that the term “binaural threshold” can have no exact 
application. Also such statements as “two ears are better than one but 
not twice as good" have very little quantitative foundation, at any rate 
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when we are considering weak sounds, and this is just when inorease of 
total sensitivity is of value. 

What we can say is that for pure tones near the threshold of audibility 
two ears will in general be much better than one if that one is the less 
sensitive ear, under the conditions existing at the time for the particular 
note concerned, but that two ears will be no better than one if that one is 
the more sensitive ear. 

If the sounds are not pure, and especially in the case of “noises,” it 
may well happen that tlie right ear is the more sensitive for some of the 
components and the left ear more sensitive for others. In such a case it 
will therefore be true that “two ears are better than one.” 

Another point is that for pure tones binaural localization is иран 
when the threshold of the less sensitive ear is approached ; this means that 
the sound can still be heard below this intensity but cannot be located. 
Overall amplification of the sound would be of value in such cases as this. 

Part of the expenses of this work was defrayed by the Medical Re- 
search Council to which I wish to record my thanks, 


(Manuscript received 18 May, 1932.) 


10-2 


MEDICO-PSYCHOLOGICAL ASPECTS OF 
NORMALITY !. 


Ву EDWARD GLOVER. 


I. Historical: the introduction of psychological standards (pp. 152-3). 
IL Working psycho-analytical definition: difficulties and objections (pp. 153- 
5). 


Ш. Systematic approach (рр. 156-62). 
_ (a) Clinical (pp. 156-8). 
(b) Structural (pp. 158-60). 
(с) Economic (pp. 160-2). 
IV. Adaptation factors: real and unreal anxiety (р. 163). 
У. Summary of definitions (pp. 164—5). 
VI. The ilusion of absolute normality: its significance (рр. 165-6). 


I. HisTORIOAL: THE INTRODUCTION OF PSYCHOLOGIOAL STANDARDS. 


ALONGSIDE the immunities conferred on medical practitioners by Act of 
Parliament, there run certain unwritten privileges of a unique order. 
Perhaps the most important of these is the right of each practitioner to 
establish a standard of normality for his patients. Had this been re- 
stricted to the sphere of organic medicine, to distinguishing between 
physiological and pathological function, the privilege might well have 
gone unchallenged. What ultimately undermined the doctor’s authority 
was the invasion of his consulting room by an expectant file of psycho- 
neurotics; these made the most convincing show of organic illness, yet 
remained in many cases refractory to every nostrum. In face of this 
reduction of authority and laceration of professional pride, the physician 
was quick to take steps to repel the invasion. He had two alternative 
plans of campaign, one conscious, the other unconscious. The unconscious 
plan consisted in falling in with the patient’s belief in his own illness and 
exacting revenge by a series of painful and sometimes humiliating retalia- 
tions. He drew the dyspeptic spinster’s teeth, removed the unconscious 
homosexual’s appendix, scoured the conversion hysteric’s uterus, purged 
the latent paranoid hypochondriac’s bowels and injected all and sundry 

1 A popular lecture delivered before the В.Р.8. on February 29th, 1932. It is not 


generally intended to publish such lectures, but an exception is made in this instance by 
special request and in view of the widespread interest in the topics discussed. 
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with vaccines or glandular extracts. The altérnative and conscious plan 
was to oppose the patient’s view that he was sick, convince him of this 
palpable untruth and return him to his friends rejoicing or lamenting, as 
the case might be. Both of these methods are essentially suggestive in 
nature. | | 

But in this neurotic combat, the doctor’s victory was never very 
secure; it was gradually turned into a partial defeat by the superior en- 
lightenment of the lay public. Modern psychotherapy owes a great deal of 
its authority to the fact that in psychological respects, patients are more 
up-to-date than their doctors. Anyhow, for good or Ш, psychological 
medicine became a speciality, and with the formation of this new branch 
it was no longer necessary to eject psychological cases on to the pavements 
of Harley Street in a state of suppressed fury and disappointment. But 
by the same token the old organic standards of normality went by the board. 
Their disappearance was accelerated by the increasing demands made by 
the lay public. The obsessional neurotic with his peculiar mental construc- 
tions had followed in the footateps of the hysteric, the borderline psychotic 
had followed the obsessional, but now the unhappy and the maladapted, 
dejected husbands and dissatisfied wives, and every sort of idiosyncratic 
character type, all crowded into the consulting room demanding attention. 

In the face of this fresh invasion, the courage of the new medico- 
psychological specialist failed him; and he began to copy the tactics of 
his predecessors. Unhappy and incapacitated cases who could not pro- 
duce a respectable psychological symptom narrowly escaped being 
called social malingerers. And once more Harley Street resounded with 
‘a hum of admonition punctuated by firm slamming of doors. In course 
of time some of these therapeutic outcasts were treated by psycho- 
analysis, a method that had already been found useful in hysteria and 
obsessional neuroses. The results of these early experiments were patchy. 
Some remarkable successes were offset by minimal improvement in other 
cases, in spite of years of patient work. Nevertheless, the amount of 
success was such that if was no longer possible to exclude a capacity for 
personal happiness and peace of mind from the professional categories of 
normality. | 


II. WORKING PSYCHO-ANALYTICAL DEFINITION: 
DIFFIOULTIES AND OBJECTIONS. 


To round off this compressed history; the psycho-analyst has found 


himself compelled, owing to the nature of his case material, to include 
amongst the standards of abnormality not only bodily symptoms and 
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psychic symptom constructions,.but various social inhibitions and degrees 
of maladjustment in work and love. He stipulates, however, that these 
maladjustments should be accompanied by sufficient affective discom- 
fort to drive the patient to consultation. In so doing he has committed 
himself to a tentative definition of normality. As I expressed it once “a 
normal individual is anyone who is free from symptoms, unhampered by 
mental conflict and who shows satisfactory working capacity”: to com- 
plete this definition I would now add “and who is able to love someone 
apart from himself.” 

Now the flaw in this system of definition is obvious: J cannot add the 
rider that anyone who does not come to consultation is sufficiently happy 
and well adapted to be called normal. There are innumerable social occa- 
sions when casual observation compels us to recognize the apprehensions, 
eccentricities, inhibitions and symptom formations permeating everyday 
life. Perhaps the most impressive example is that organized ‘health 
movement,’ which seeks to canonize anxiety reactions as part of a 
praiseworthy hygienic system. It is not simply that our advertisement 
columns encourage intestinal hypochondria by the terrifying caption 
‘Constipation,’ or that we are exhorted to purify the blood, to kill flies, to 
wear soft collars, expand the chest and breathe pure air, use carbolic 
soap or drink hot water: the fact is we are encouraged to invest every 
round of waking activity with a typical neurotic or psychotic anxiety 
charge. And the man in the street enters into this fearsome conspiracy 
with feelings that range from intimidated acquiescence to almost religious 
enthusiasm. I shall not labour the point farther, merely asserting that 
this inculcation and expression of mass anxiety can be.tracked down to 
individual anxieties, in fact that within the range of socially accepted 
normality, we can detect reactions which, were they manifested during 
an analysis, would be regarded as ‘abnormal.’ 

Now even if the man in the street agreed that some of his emotional 
phases might be regarded clinically as exceeding а normal standard, he 
would doubtless repudiate with warmth the suggestion that many of his 
most cherished habits are simply unlabelled symptoms. He would suspect 
and with good reason that the sanctuary of his private character was 
threatened. To any such protest the medical psychologist’s reply would 
be purely professional, viz. that the character of the man in the street is 
quite safe from professional inspection so long as the man remains in the 
street. The mere fact, however, that such acute differences of opinion 
might arise, compels us to examine carefully all professional standards of 
normality. 
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Curiously enough a more urgent reason for investigation seems to have 
escaped the notice of the people most concerned. Possibly theologists, 
metaphysicians and sociologists are too busy with their routine work to 
observe that the frontiers of their sciences have been violated. Yet the 
appearance of the medical psychologist with his inquisitive tendency to 
measure happiness and peace of mind, his preoccupation with conscience 
and crime, his concern with categorical urges, inhibitions and the pheno- 
- mena of ‘will,’ is at the least something of a portent. And it is incumbent 
on the medical psychologist to justify his intrusion. 

To a certain extent he has already done so; but his favourite method 
has usually been regarded as begging the question. He has naturally been 
concerned with the patently abnormal and has applied his discoveries 
in this field to the problem of alleged normality. For example; when the 
theologist has said that human guilt and original sin belong to his parti- 
cular province, that happiness and misery are essentially theological 
measures, the medical psychologist has usually responded by producing 
a sheaf of case notes. Fortified by his most recent interviews with & caso 
of melancholia or mania or manic depressive insanity, he has pointed ou 
that the melancholiac feels and appears the incarnation of misery, that the 
expansive hypomanic greets us with the sunny smile of happiness. He may 
go further and claim that the manic depressive psychosis is essentially a 
conscience phenomenon, an alternating hypertrophy and atrophy of 
uncongcious conscience. Some of these facts are not denied by lay psycho- 
logists and are accepted even by enlightened laymen; yet any attempt 
to apply them to normal affective states is liable to be regarded as a non 
sequitur. | 

This criticism is по longer valid. The psycho-analyst has for some 
years back collected and marshalled his data over a wider front. Not 
only has he investigated the mental structure and function of a great 
number of cases of emotional maladaptation unaccompanied by neurotic 
symptoms, he has analysed groups of alleged normal individuals, of any 
age from about 24 years to over 60, taken from different social and cul- 
tural levels and from practically every civilized race. He has, moreover, 
specialized in the transitory phases of abnormality to be detected in 
early childhood. And even at this early stage of his investigations he is 
able to formulate preliminary generalizations, some of which are already 
familiar, others quite unexpected. ` 
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ПІ. SvsTEMATIO APPROACH. 
(a) Clinical. 

_ Starting with the descriptive aspects of human normality, it may be 

of interest that the most difficult person in the world to analyse com- 
pletely is the ordinary so-called ‘normal’ person. Nor is this surprising 
observation to be explained by mere perversity. The ‘normal’ person 
resists all affective examination of his stability for a very natural if no 
longer justifiable reason. He resists it because his ‘normality’ represents 
а victory over an original state of madness. We no longer regard the 
psychoses and neuroses of adult life as spontaneous pathological disrup- 
tions and distortions of a normal life. One of the earliest and, at the time, 
almost incredible psycho-analytic formulations was that which ran, “no 
adult neurosis without an infantile neurosis.” Already that has become 
a mere platitude compared with the newer and more far-reaching conclu- 
sion, “no adult normality without an infantile psychosis.” The formula- 
tion is not entirely original: it has been put forward at various times by 
the more intuitive of our writers. To quote a recent example: the author 
of High Wind in Jamaica in a curiously technical digression remarks con- 
cerning the minds of children that they “are not just more ignorant and 
stupider than ours, but differ in kind of thinking (are mad, in fact).” Не 
goes on to say regarding the mentality of infants, “опе can no more think 
like a baby, in the smallest respect, than one can think like a bee.” And 
although this second pronouncement is completely wide of the mark, the 
former is a sound intuition. The professional psycho-analyst has reduced 
these and similar intuitions of naive psychologists to an orderly systema- 
tization. Every child in the first year of life is from the adult psychiatric 
point of view in a state of panpsychosis always acute and very largely 
hallucinatory. Between the ages of 1 and 24 his mentality alternates 
between an introjective psychotic pattern (schizophrenic type with or 
without melancholiac elements) and а projective psychotic pattern 
(paranoid type). Assuming successful struggle with this phase, he emerges 
between 24 and 4 with patterns of an infantile obsessional type and this 
phase overlaps a little with a phase of infantile hysterical reaction and 
phobia formation between the ages of 3 and 5. These may be regarded as 
the normal psychoses and normal neuroses of childhood, but any accentua- 
tion of the anxiety appropriate te one state may bring about a clinical 
infantile psychosis or neurosis; and naturally any persistence in later 
infancy of characteristics more appropriate to an earlier stage is also to be 
regarded as pathological for the later stage. There are three main reasons 
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why these earlier psychotic patterns have not been recognized. The most 
superficial is that we naïvely expect the ‘psychotic’ reactions of a child 
to be identical with the clinical psychotic reactions of an adult: actually 
adult psychoses show certain repair aspects which are developed in re- 
sponse to a highly specialized environment. The second reason is more 
interesting to us. We ignore the ‘psychotic reactions’ pf childhood be- 
cause it would be intolerable to reanimate stages we have ourselves 
passed through and overcome. So we term them the ‘normal reactions’ 
of a child, even when they are plainly of a psychotic pattern. If a child 
rushes into our arms because it is suddenly terrified of a bundle of clothes, 
we are unperturbed. If an adult does the same, we gravely consider his 
‘certification.’ The third reason is as comprehensible as the second if a 
little less flattering to our self-esteem. Having brought the infant into the 
world, we find its claims on our adult endurance too persistent and ex- 
orbitant, and are only too glad when it appears to change from a red- 
faced brat squalling in ectoparasitic need, to an angel face of two or three 
displaying endurance that entitles it to enter the Kingdom of Heaven. 
So we are not too ready to recognize the fact, if and when this sudden pale- 
ness of character indicates an internal drenching psychic haemorrhage. 
To return to the child of five: from then on to puberty there is ap- 
parently a lull. And in so far as it is a true lull, implying a reduction in 
the intensity of primitive infantile instinct, it is a well-earned rest from 
the anxieties and unconscious guilts of childhood. But the respite is 
largely a matter of surface calm. Actually the child is busy consolidating 
the barriers it has already thrown up against the intolerable anxiety of 
frustrated instinctual drives. Day after day it seeks to entrench itself in 
a more reassuring reality, supporting itself the while on affectionate 
relations with its family, the aim-inhibited residue of more tempestuous 
claims. And there is not too much time to lose. The child's defensive 
rampart will soon have to weather the last great thrust of instinct which 
approaches with puberty. It is not difficult to imagine the possible 
course of events after the first shock of puberty. If the defences break 
down, two possibilities are open. One individual may sooner or later 


1 In guch a brief survey, a certain amount of over-emphasis may be permitted. It is only 
fair to add, however, that during these ‘normally psychotic phases’ the average child 
develops degree of adult organization with which it is seldom credited. The latter enables 
us to distinguish between the ‘normally psychotic’ and the ‘clinically psychotic’ child. 
Interesting parallel observations may be made in the field of anthropology. The ‘normal’ 
primitive tribesman combines a remarkable degree of reality organization with systems of 
a frankly psychotic and neurotic type, e.g. paranoid fears (animism) and obseasional 
systems (magic). 
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develop a neurosis or a psychosis: in other words by sacrificing certain . 
ego functions, a degree of normal relation to reality is preserved (except, 
of course, in the case of total regression). Another may escape open 
neurosis and psychosis, but he does so at the cost of a sub-acute in- 
flammation of all his relations to reality, particularly his social contacts. 
We then say for. purposes of description that he has developed a TUM 
characterological defect. ` 

Should, however, the defences hold, all we can detect is a ре of 
volatile emotional reaction corresponding with the years of adolescence; 
this is followed by more or less permanent stability, only occasionally 
shaken by adult events of.psychic importance: births, marriages and 
deaths, or successes and failures in career. In other words under the 
immediate internal impact of adult genital primacy, the ramparts of 
child defence, although violently shaken, remain intact and apparently 
solid. 

Now we might say that for the adult this stable rampart system re- 
presents normality; that apart from a little cultural French polishing, 
adult normality is the end-product of child defence. But if we test this 
general formulation by clinical inspection of the population at large, we 
are once more brought up short by the number of idiosyncrasies of habit, 
minor symptoms of an anxiety and obsessional type to be detected in . 
so-called normal people. And that is not all. There are times when the 
ramparts are so hard and enclosing that they appear to function as a 
mausoleum. The individual is entombed within his rigid character. The 
voluntary celibate, the sterile but compulsive work fiend, the shilly- 
shally, the miser, and the compulsive criminal, may be cited as illustrative 
types. Even a quantitative standard does not solve our difficulty. We 
might say that so long as the mausoleum type is not a nuisance to himself 
or to other people and neither comes nor is driven to consultation, he 
can be called normal. But that is only to say that socially it is not our 
business to interfere. If we permit ourselves the lesser interference of 
thinking about human behaviour, we may pass the self-appointed 
bachelor or spinster or even the work maniac and the doubter without 
comment, but we can scarcely label the miser normal without further 
investigation. 


А (Б) Structural. | 


Т will be apparent that a purely descriptive approach does not allow 
us sufficient elbow room for measurement, so we must turn our attention 
to the structure and function of the ego a a whole. Making use of spatial 
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conventions, the psycho-analyst tries to express his views of the ego by 
calling it a psychic organ, and still further а surface psychic organ. He 
fixes it in psychic space by reference to perceptual consciousness. The ego 
is developed round perceptual consciousness. It is a surface organ with at 
least two facets, one turned towards the external stimuli of the outer 
world, and the other turned towards the instinctual stimuli of the inner 
world. The instincts are represented by derivatives, either in ideational 
form or in the form of affects. The primary function of the ego is to assist 
in the reduction of psychic stimulation; and this in effect means that the 
ego must cater for the gratification of inner needs in so far as these can or 
may be gratified in the external world. If instinct cannot or may not be 
gratified in the external world or on the person’s own body, the ego must 
undertake the task of mastering instinct. This mastery can be achieved in 
numerous ways. One is the way of repression, which if successful prevents 
ideational representation iv consciousness and prevents the development 
of affect. Another-way is the way of reaction formation. This is a kind of 
counter-charge, wherewith tendencies are reinforced which nullify or 
inhibit the tendencies of primitive impulse. Still another isthe mechanism 
of sublimation whereby primitive energies are deflected from their 
original aim and gratified in other directions. There are many others, but 
taking the three I have mentioned it is to be noted that repression is 
silent, invisible and incalculable; reaction formation is noisily obvious; 
and sublimation, though obvious in end results, is much less obtrusive in 
operation. Now if we are going to judge normality solely by the noisier 
reaction mechanisms (that is to say, apply mainly characterological 
standards), we neglect the fact that none of these mechanisms can master 
instinct independently. We neglect the compensating and balancing 
tendency of the ego and in particular we do less than justice to the factor 
of repression. From this point of view our miser, though open to the charge 
of abnormality in acharacterological respect, might plead that in the sense 
of ego function he was perfectly normal, that he felt perfectly comfortable 
in his adaptation, and finally that it was none of our business. And unless 
his miserliness took a form that justified social interference—such as 
collecting dangerous micro-organisms or high explosives without ade- 
quate precautions—we would be compelled to apologize and beat a 
retreat. 

In passing we learn something here of the animus behind charactero- 
logical studies. Fundamentally we are interested in character for self- 
preservative reasons: it pays to be able to estimate quickly the instinctual 
tendencies of our neighbours. Characterology provides us with a quick 
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‘spotting’ system for this purpose. But ‘good’ or ‘bad’ categories apart, 
we have a special reason for being suspicious of the terms ‘потта!’ or 
‘stable’ character. If we find that our neighbour is not dangerous, we 
are apt, partly from relief and partly on the principle of ‘live and let 
live,’ to turn a blind eye upon his peculiarities. In short, the concept of 
character is a legacy from naive, conscious, self-preservative psychology 
for which there is little use in metapsychology. Some years ago I en- 
deavoured to define it as an organized series of behaviour reactions pro- 
moting a stable equilibrium between instinct tendencies and reality 
gratification, adding that these reactions produce a more or less har- 
monized adaptation through the mechanism of displacement. I believe 
this definition may still be of service in estimating normal aspects of 
character, but it must be admitted that characterology is one of the most 
lop-sided of psychological pursuits. 

The argument so far amounts to this. Descriptive standards of nor- 
mality, taken from behaviouristic psychology, are too narrow. An exami- 
nation of the structure of the ego is a little more satisfactory, because it 
gives us a better grasp of the individual aspect of normality, viz. a 
psychic organ in successful function. 

But we are still hampered by the fact that a large part of the ego is 
. unconsciqus and, unless steps are taken to remove the barrier of repres- 
sion, remains permanently unconscious: we have no alternative therefore 
but to examine more closely the economic aspects of psychic function. 

Г | 


(с) Economie. 

It has been indicated that the function of the ego is to reduce psychic 
tension to an optimum level: that whatever instinct barriers are erected 
for this purpose, they should not impede the ego in legitimate adaptation. 
We can express this in another way by saying that the psyche is developed 
to deal with quantities of excitation, and that it does so by virtue of its 
conscious and unconscious appreciation of certain other quantities, viz. 
quantities of anxiety. For purposes of simplification, I shall include in 
the term anxiety that special form which by reason of its endopsychic 
conditioning is thought of as guilt. The pleasure-pasn principle then is 
seen to be the most primitive measure of normal reaction for the infant; but 
at cannot become an adult measure until it has undergone that slow process of 
modification duriny childhood which converts it into the reality principle. 
So far the prospects of accurate definition appear rosy. But the question 
arises: can we regard the establishment of the reality principle as an 
absolute measure of adult normality? Presumably we ought to stop at 
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this point in order to define reality: I propose, however, to approach this 
definition in a roundabout way. For the moment I shall simply state the 
conclusion that in the present state of Western civilization we have no 
grounds for assuming that normality and complete reality adaptation are 
tdentical. Grattez l'homme et vous y trouverez l'enfant. As the sole criterion 
of adaptation, the adult reality principle is inadequate: the adult must 
have a certain capacity for exploitation of earlier pleasure systems. But 
that exploitation must not induce an intolerable charge of anxiety. In 
other words, the two systems must not act in complete opposition. They 
must be mutually complementary: the pleasure system must learn to be 
content with the exploitation afforded by adult reality, and adult 
organization must be sufficiently porous to permit the safe expansion and 
discharge of infantile vapours. | 
Now in the course of examining the most primitive mechanisms set in 
motion by the ‘pleasure-pain’ principle, we make an astonishing dis- 
covery: a discovery that has considerable bearing on definitions of 
‘normality,’ to say nothing of definitions of ‘reality.’ Earlier in this 
presentation I described the first phases of childhood in terms of psychotic 
reaction and indicated a developmental series of psychoses and neuroses 
preceding the ‘normality’ of later childhood. And it may have occurred to 
the reader that unless this description is altogether fantastic, there must 
be many grades of reality differentiation. This inference can be supported 
by the psycho-anglysis of children, normal adults and psychotics. The 
child sets out on its developmental journey equipped with an intolerance 
of anxiety which it proceeds to turn to biological advantage. When, for 
example, an infant suddenly turns puce, alarmed onlookers hunt for a 
crumb or a pin or a wet napkin: when it yells, those within earshot run 
to its assistance. Failing all help, the child tends to pass quickly into 
exhaustion and, if really deserted, would whimper its way to sleep and 
ultimately die. But the spirit of the age is on the whole against infanti- 
cide by neglect. The external world frantically conspires to make en- 
vironment approximate to the child’s demands for immediate relief. 
And the child responds by loving the most ready part of environment. 
To cut a long story short the result of these experiences is to bring about 
a confusion of the external and internal world. The child tends to regard 
the pleasure-producing environment as part of itself and tries to treat 
internal pain as а foreign body. But the main source of psychic tension 
and ‘pain’ is frustrated instinct and in particular frustrated aggressive 
instinct. When, therefore, the child tries to rid itself of this painful 
stimulus, it employs the most primitive mental mechanism of projection. 
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It projects its painful instincts into the external world, which in turn is | 
felt to be dangerous and painful. Admittedly the outer world is dangerous 
and painful in many respects. But itis seldom dangerous in the projected 
respects. A father may be cruel and stern, but he is not as a rule a dan- 
gerous homicide. A mother may be vexatious or severe, but she is not a 
devouring animal. Yet phobia after phobia proves that parents are во 
regarded in the unconscious layers of their children’s minds. Out of the 
frying pan into the fire: projection tends to defeat its own ends and so 
a vicious circle is established. The more frustration, the more hate: the 
more hate, the more dangerous the external world: the more dangerous 
the external world, the more inhibition: the more inhibition, the more 
frustration. And so it goes on. This vicious circle is broken in two ways: 
first, by the auxiliary mechanism of primal repression and secondly, and 
this is what concerns us now, by an exploitation of ‘real reality.’ The 
more terrifying the phantasy external world, the more reassuring the 
actual outer world. So the hunt for reality commences. In place of the 
phantasied dangers, there is in some cases a positive welcoming of 
reality dangers and in most cases a fuller exploitation of the actual love, 
affection and protection afforded by family environment. Whether the 
original projected system is ever completely abandoned is questionable. 
So far analysis of the normal adult shows that his psychotic mechanisms 
still exist but with such a weak charge as to be negligible. 

Turning once more to the task of definition, we аге compelled to con- 
clude that at present, at any rate, it is not within the scope of meta- 
psychology to give a definition of ‘absolute reality." In spite of this we are 
able to attach a precise significance to the term ‘reality-testing.’ The meta- 
psychological definition of ‘reality-testing’ is based on the view that the 
ego is a sampling apparatus as well as an organ for reducing instinctual 
excitation. Reality-testing then, from the medical psychologists’ point of 
view, 13 the capacity to maintain psychic contact with the objects which 
promote gratification of the modified impulses of adult life. And adult nor- 
mality is a state in which infantile psychotic views concerning the external 
world have been so reduced that they do not interfere with possibilities of 
adult gratification ; in other words it 15 a state in which the psychotic estimate 
of the object world coincides with an objective estimate in two main respects, 
(a) the amount of love that can be satisfied and (b) the amount of danger to the 
ego that is present. 
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IV. ADAPTATION FACTORS: REAL AND UNREAL ANXIETY. 


Once again, however, our hopes of an absolute definition of normality 
are dashed. Examination of our now familiar friend in the street shows 
that on many occasions it is difficult to distinguish between real and 
neurotic anxiety. Run a foot plank along a pavement and most people 
will walk it with ease and pleasure: run it across a shallow stream and 
quite a few adults will baulk: run it across a deep crevasse and except in 
situations of extreme urgency baulking will be regarded as common 
sense, that is to say, a normal reaction. 

It is sometimes equally difficult to distinguish between real anxiety 
and psychotic anxiety. I have already hinted that some ‘modern’ 
health movements are in many respects manifestations of psychotic 
reaction. Systematic examination would doubtless uncover many others. 
When, after looking at a landscape, an individual experiences surpassing 
peace of mind and a deep sense of communion, our investigations are 
rather hampered by preconceptions of aesthetics. But when another 
develops a deep feeling of depression and sense of guilt at the sight of a 
Tain cloud in a distant sky, we are entitled to suspend aesthetic judgment 
and enquire whether this is not an occult paranoia. The list might be 
continued indefinitely. How much of the peace of mind of seemingly 
well-adjusted individuals is due to their symbolic preoccupations and 
satisfactions? How much primitive fetichism is represented by the ‘hotis’ 
and ‘netsukis’ of the collector’s cabinet, the china dogs of a nineteenth- 
century kitchen mantelpiece, the treasured editions of the bibliophile, the 
favourite conceptual preoccupations of the metaphysician or the record 
vegetable marrows of the allotment holder? 

Anyhow, the fact cannot be concealed that with every attempt to 
establish an absolute standard of normality, we encounter the same diffi- 
culty, viz. that there is no sharp edge to the definition. It is invariably 
blurred by a number of obvious exceptions. There is, however, one point 
to be noted about the exceptions: the individuals in question rarely come 
to medico-psychological consultation. And this implies either that the 
activities are playing a part in the balance of individual adaptations, or 
that the amount of associated tension and anxiety has not become un- 
bearable. Besides, if we find that the exceptions to a number of standards 
are invariably of the same type, there appears to be no reason why we 
should not overcome this difficulty by incorporating the exceptions in a 
fresh definition. In short the exceptions to individual standards compel us 
to introduce into the definition a crude factor of social adaptation. 
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We are now in a position to assemble some rough generalizations 
concerning the medico-psychological aspects of normality. From the 
descriptive point of view the most superficial estimation of normality is 
made by reference to the presence or absence of symptoms, charactero- 
logical defects and maladaptations. Taking a broader view, normality 
can be subdivided into a number of reaction systems, each of which is 
appropriate to a particular phase of instinct mastery. These systems 
are in the first place psychotic, later neurotic and in adult life charactero- 
logical. They represent ramparts created under the stimulus of anxiety. 
The most obvious normal rampart is adult character. Character is a 
series of behaviour reactions promoting a stable equilibrium between 
instinctual demands and gratification in reality, using for this purpose 
mainly the mechanism of displacement. This particular standard of 
normality is inadequate, (a) because character is mainly a (pre)conscious 
end-product, (b) because it is itself liable to deep pathological changes 
which may go undetected. Taking a wider view of the ego, normality 
implies simultaneous yet harmonious function of a number of mechanisms, 
(a) for controlling instinct and (6) for securing direct (or substitute) 
instinct gratifications. The ego normally acts as a compensating balance. 
The most incalculable and elastic factor in this aspect of normality is the 
mechanism of repression. A still broader view of normality is that it 
represents a harmonious confluence of the reality principle with the 
‘primitive pleasure principle. At this point a more cautious definition is 
necessary : normality is possibly an approximate overlapping of psychotic 
and objective reality-testing. An alternative view is that normally the 
anxiety precautions evoked by reality are sufficient to cope with co- 
existing psychotic and neurotic (unreal) anxiety systems. 

This last formulation is perhaps the most important of those I have 
put forward and.it may be well to underline it by additional illustration. 
Tt is true that when the ordinary man catches a bus we do not call for his 
certification as a lunatic. Nor do we certify the hysteric when, dashing 
into the traffic, she narrowly escapes being run over. The poet may sing 
of Phoebus Apollo with complete immunity: and the artist, if he chooses, 
is safe to paint the wheel of life in tartan colours or with eccentric axle- 
hubs. But we do certify the melancholiac when she threatens to throw 
herself under a real bus; we do certify the paranoiac when, having 
affirmed that all busmen are trying to run him down, he attempts to set 
bus depóts on fire; and we certify the schizophrenic when he begins to 
see Juggernaut coming down Bond Street. Nevertheless the ordinary 
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man may owe his freedom from incarceration to а happy merging im 
time and space of real and lunatic interest in omnibuses. To repeat: 
normality may be а form of madness which goes unrecognized because 4t 
happens to be a good adaptation to reality. 

The task remains of reconciling these more or less absolute standards 
with the fact already stressed, namely, that, judged by all of them ex- 
cepting possibly the last, normality is non-existent. I have already 
suggested that we can get over this difficulty by introducing a crude 
social factor, viz. a social standard of adequate adaptation. By so doing 
we can artificially increase the normal range of characterological and 
emotional reactions and atthe same time sanction the exploitation of minor 
symptom formations, provided the latter are not disruptive in individual 
respects or. offensive in conventional (social) respecte. As a matter of fact 
such a standard is not so crude and artificial as it appears. It corresponds 
to an individual factor which we might call the factor of elasticity. An 
elasticity factor takes cognizance of variations in constitutional рге- 
disposition, e.g. an innate sensitiveness to the stimulation of particular 
instincts or their components. Perhaps the most practical way of ex- 
pressing this constitutional factor in terms of elasticity is to say that a 
normal person must show some capacity for anxiety tolerance... No matter 
how stable anyone may appear, the term ‘normal’ cannot be applied if, 
during the familiar crises of life, he is swept off his balance into major 
symptom formation or into prolonged and exaggerated emotional states. 


VI. THE ILLUSION OF ABSOLUTE NORMALITY: ITS SIGNIFICANCE. 


Н, however, exception be taken to these corrections of absolute 
normality for social adaptation and individual elasticity, we are not yet 
at the end of our tether. Taking a leaf out of the first book of Euclid, we 
can preface all discussions of normality with the following postulate: 
“The introduction of the term absolute in discussions of normality is 
itself a proof of abnormality.” The expedient may suggest sharp practice, 
yet I maintain that it can be justified on good scientific grounds. Not 
only does it take due cognizance of the fact that normality standards 
cannot be relentlessly applied to the man in the street; it throws some 
light on the functions of one special group of mental mechanisms and 

* Sinos writing this I have had an opportunity of reading an address by Ernest Jones on 
“The Concept of a Normal Mind.” Although deprecating any attempt to establish atan- 
dards of normality, he points out that in the long run the nearest attainable criterion is 
fearlessness, thereby stressing the importance of anxiety systems in psychic development. 
What I have called “a capacity for anxiety tolerance” represents а clinical modification of 
this more fundamental standard. 
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illustrates a particular.compulsive habit. One of the main functions of 
the mechanism of rationalization is to help us not to recognize a number 
of our own personal maladaptations. Rationalization varnishes over the 
cracks in the egg-shell of character formation. Indeed if we are in a good 
mood, that is to say, if we are free from anxiety and guilt, we may even 
go so far as to daub a little of the varnish on our next-door neighbour’s 
carapace. But that is not an invariable practice. On many occasions we 
. derive more satisfaction from innocently inserting a finger nail in the weak 
places. A second mechanism is really derived from the repression group. 
We have an unlimited capacity for turning a blind eye to any idiosyn- 
crasies, examination of which would make ourselves uncomfortable. 
When these two mechanisms run harmoniously together in consciousness, 
the end result is for all practical purposes в lie. And there is a good deal 
to be said for the view that the conception of absolute normality is one of 
those comforting lies with which we beguile our guilt. 

In any case interest in an absolute standard illustrates one of many 
seemingly normal mental compulsions. Even apparently healthy egoists 
seldom refrain from maintaining absolute standards for others; but, 
apart from this, there is a form of endopsychic anxiety which appears to 
be assuaged by unswerving allegiance to standards of perfection. There is 
a certain harshness in the quality of these absolutes which is manifested 
by intolerance of any deviation from their sharply outlined categories. 
Indeed, one is inclined to believe that, but for the saving humour of 
common folk, normality might have taken its place alongside other 
theistic substitutes as an abstract object for adoration. A similar harsh- 
ness can be detected in many reform movements. And since psycho- 
therapy might be regarded as a variety of reformist activity, it behoves 
the physician to eliminate as far as possible from his scientific standards 
any suggestion of private psychological gain. One is tempted to add that 
the same policy might well be followed by the man in the street: that he 
should cultivate a greater degree of tolerance of other people’s humours 
and vapours. But that would take us deeply into the motivation of 
individual and social reform. I have no desire to evade these issues, but 
my original object was to discuss normality as viewed from the medical 
psychologist’s consulting room; and although I may appear to have 
trespassed a good deal, I feel entitled to retire within this sanctuary at 
‘the end. I do maintain, however, that in return for the privileges and 
immunities bestowed on him, the medical psychologist is under two 
definite obligations. Heshould himself take whatever steps are necessary to 
eliminate infantile omnipotence and anxiety during business hours at least. 
And he should never exploit his professional views of life in social relations. 


SYNAESTHETIC FACTORS IN JUDGING 
THE VOICE. 


Ву MADELINE KERR aw T. H. PEAR. 
(From the Psychological Laboratory, University of Manchester.) 


In an earlier article in this Journal (1) we described a method, apparently 
new in psychological study, of evoking imagery. Crude dramatic situa- 
tions were presented, in darkness, by means of electrically reproduced 
gramophone records. The experimenters hoped that this might provoke 
imagery more intensely and more frequently than the conventional 
method of questioning. Furthermore it was expected that the tendency, 
natural in many listeners, to give the voices a visual interpretation, 
would excite visual imagery. 

These expectations were fulfilled. There was considerable success 
in evoking synaesthesia. This success, greater than that obtained by 
question and answer, suggested a further special attempt to increase the 
frequency of synaesthetic responses. 

It is well known that any attempt to describe in words an. unusual 
‘voice quality is likely to enforce the employment of terms chosen from 
the vocabulary of senses other than sight. Often the ‘borrowed’ terms, 
e.g. hard, luscious, purple, velvety (2), may form part of the vocabulary of 
ordinary speech. This, however, does not fully explain the apparently 
unique suitébility of certain words. To call the process one of simile or 
metaphor is merely to re-label the problem and to lose it by relegating it 
to another subject of study. Even if a word is ‘only’ metaphorical, there 
is often a wedding of sound with sense. As Wolfgang Kohler points 
out(3), the nineteenth century over-emphasized the distinction between 
the various senses. . 

The use of simile or metaphor may perhaps be regarded as the en- 
trance door to synaesthesia. At the other extreme a person’s synaesthetic 
experiences (e.g. of colour) are not only original but take the form of 
images so disturbingly intense that they may be eidetic(4). Many ` 
different types of connection between sensations, images and meanings 
are confused under the word ‘synaesthesia ’—a fact evident to the reader 
of articles upon musical ‘coloured hearing.’ In English writings few 
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distinctions have been made between different kinds of synaesthesial. 
Excellent treatments in German are those of Anschütz(6) and Wellek(7). 


APPARATUS. 


These records were played on a large Columbia gramophone with 
Marconi electrical pick-up and Marconi dynamic loud-speaker. 


MATERIAL. 


Of the voices presented by the gramophone, one was speaking and 
two were singing. All were extreme examples of certain types, presented 
with little ambiguity or subtlety. They were: 

(A) Clergyman’s voice speaking, Leonard Henry in “The Village 
Concert" (Н.М.У. No. С 1782). 

(B) Greta Keller singing (with orchestra) “Ten Cents a Dance” 
(Regal No. М. В. 319). 


(С) Gracie Fields singing (with orchestra) “Nowt about О” 
(Н.М.У. No. В 3291). 


METHOD OF EVOKING SYNAESTHESIA. 


In record A, a clergyman is opening a village concert. In the part of 
the record played he makes no actual statement concerning his profession. 

Record B is a cynical presentment, both verbally and musically, of the 
outlook of a tired woman professional partner in a cheap dance hall. The 
words and the accompaniment make it easy to ‘place’ this singer. She 
has a low, husky voice. 

In record C, a farm girl describes her courting in broad, and correct, 
Lancashire dialect. | 

None of these records, it will be seen, show impeccable taste. They 
were chosen for this reason. 

The hearers were 54 university graduates, of both sexes, taking a 
diploma course in education. The excerpts were given in the above order. 
After each had been played, the listeners answered a list of questions 
containing, among others, the following: 

(1) Do you get any imagery which, while seeming to you to be quite important 
and relevant, might seem to others to be absurd and irrelevant; e.g. do you see any of 
the voices as colours, or feel them as having & particular texture? 


(2) Would you apply any of the following adjectives to the voices you have just 
heard? Write them (t.e. the adjectives) down: 


woolly, harsh, grating, husky, shrill, clear, muzzy, thick, treacly, silvery, mellow, 
1 Ап exception is to be found in Р. E. Vernon's ‘“‘Synaesthesia in Music” (0). 


MADELINE KERR AND Т. H. PEAR 169 


. flat, sugary, velvety, smooth, superficial, hard, soft, streaky, stratified, odorous (state 
odour), tasting of something (state what), polished, brilliant, sparkling, silky, coloured 


(state colour or colours). 


RESULTS. 


To question 1 were given 19 synaesthetic answers or 35-1 per cent. 
Some listeners, who did not report synaesthesias to question 1, did so to 
question 2. This addition brought the totalsynaesthetic answers (reckoning 
none twice over) up to 29, $.e. 53-7 per cent. Where colours were given as 
answers to both questions they were found to be the same. 

The answers to question 1 are given in full: 


(A) Leonard Henry: “Image of a bar of steel, dull surface, bent”; “It is a voice 
with prickles, coming through something soft”; “І get a picture of the voice running 
out of a machine, like flat felt” ; “Imaged as very hard; extremely so”; “Dull grey" ; 
“Reminds me of filing or sandpapering” ; “Flinty” ; “Blue” ; “Dark grey”; ^ Green"; 
“Reminds me of acid”; “White grey jelly as sound of voice, white for high notes, 
darker for low”; “А sandy flat feeling, bare like sandhills” ; “ Grey voice, rich texture, 
not too pleasant to touch”; “Feeling of silver and pink.” . 

(В) Greta Keller: “Triangular prisms”; “Limelights through dusty air”; “A 
smoothly undulating flower of soft cement, blue” ; “Seems as if she is singing through 
a stove-pipe”; “Light-green”; “Acid grey voice with frilly edges”; “See the high 
notes ав threads” ; “Affects me like a brilliantly polished stone of no particular beauty 
but that cuts”; “ Brown trying to be green, exceedingly poorand threadbare”; “Black 
and pale pink.” 

(С) Gracie Fields: “A tight thread splitting over a knife-edge, or в knife driven 
slowly and with much squeaking over a smooth surface" ; ‘Rough but not coloured” ; 
* Rather like a shallow swift brook running over big sharp stones”; “Bright colours” ; 
“Ап impression of parallel horizontal lines, rather thick. Feel as though I am having 
a bad tooth drilled or someone has cut my finger nail too short with a rather blunt 
pair of scissors.” 

Synaesthesias can be classified as sensed, imaged and thought. Since 
no individual was questioned in this experiment, there is no means of 
ascertaining from the results if any synaesthesia was actually sensed. 

9 
CONOLUSIONS. 

The percentage of instances in which synaesthesia is reported by 
normal persons can be raised considerably by presenting emotionally 
accentuated, crude ‘situations.’ This is accounted for by two factors 
(a) actual perception instead of imaging, (5) a more intense affective tone 
in the experience. 
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THE MATHEMATICAL AND EXPERIMENTAL EVI- 
DENCE FOR THE EXISTENCE OF A CENTRAL 
INTELLECTIVE FACTOR (9)1. 


By WILLIAM BROWN. 
(Oxford and London.) 


Ir a number of sufficiently dissimilar mental tests of intellective ability 
be applied to a group of individuals and correlation coefficients calculated, 
it is found that these correlation coefficients are related to one another in 
such a way that for any four (or tetrad) of them the following relation 
holds good, within the limits of random sampling, viz. 


fap tq — Таа» = 0 5 (1), 
and similarly with other arrangements of these four tests. We owe both 
the discovery of fact and the devising of the tetrad criterion to Prof. C. 
Spearman. 

The inference drawn from this is that the abilities measured by the 
mental tests are divisible into two factors each, the one being common to 
all (the general factor, g), while the other is in each case specific and 
independent (s). 

In Prof. Spearman’s own words: “Whenever the tetrad equation: 
holds throughout any table of correlations, and only when it does so, then 
every individual measurement of every ability (or of any other variable 
that enters into the table) can be divided into two independent parts 
which possess the following momentous properties. The one part has been 
called the ‘general factor’ and denoted by the letter ‘g’; it is 80 named 
because, although varying freely from individual to individual, it re- 
mains the same for any one individual in respect of all the correlated 
abilities. The second part has been called the ‘specific factor,’ and denoted 
by the letter ‘s.’ It not only varies from individual to individual, but 
even for any one individual from each ability to another?.” 

1 Communicated to Section J (Psychology) of the British Association for the Advance- 
ment of Science, London, Sept. 25th, 1931,—and, with certain additions, to the Tenth 


International Congress of Psychology at Copenhagen, Aug. 24th, 1932. 
з C. Spearman, The Abilities of Man. London: Macmillan & Co. Ltd. 1927, рр. 74, 75. 
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The relationship is expressed by the following equation: 
Man = Tag -Ja + fasse Sam ttt (2), - 
where m,,= the measurement obtained for any individual 2 in the 
variable а, 9. = the individual's amount of g, the factor common to all 
the variables, and Sa» = the individual’s amount of 84, the factor specific 
to the variable a. 

The method of applying the tetrad criterion is to draw up a frequency 
distribution of all the possible tetrad differences derivable from the table 
of correlation coefficients (there being З "О, positive tetrad differences 
and an equal number of negative ones, where n is the number of mental 
tests correlated with one another) and to compare its standard deviation 
with the ‘theoretical’ standard deviation of a purely chance distribution 
of such tetrad differences. A formula for the latter has been calculated by 
Spearman and Holzinger!, viz. 

2-я fe (1—7)*4- Ё — 37 о + 278 =] s} ...(3), 
where № = number of cases, n = number of tests, r = mean of correlation 
coefficients, s= standard deviation of correlation coefficients, and 
о; = the average value of the standard deviation of the tetrad differences. 

In applying this formula, с; is generally multiplied by 0-67449 to give 
a ‘conventional’ P.E., but since the frequency curve of tetrads is not, 
and cannot be, an exact probability curve (because the correlation 
coefficients, and therefore the tetrads, are not uncorrelated with one 
another), although it approximates to one, there is little to be gained by 
this procedure. | 

As the formula for the probable error of tetrads allows for the effects of 
‘attenuation’ upon correlation coefficients, so that these coefficients need 
not be corrected for observational errors, the ‘tetrad criterion’ escapes 
criticism of mine? which was, as I still contend, rightly directed, in certain 
cases, towards the ‘correction formulae’ which Prof. Spearman devised in 
1906 and 1910 to adjust for such errors. It also takes the place of the 
criterion of ‘intercolumnar correlation,’ or correlation between columns 
of correlations in a table of correlation coefficients, upon which Prof. 
Spearman previously relied in proving his theory. According to this 
criterion, the average intercolumnar correlation should approximate to 
unity if the Theory of Two Factors holds good?. But the correlation 

1 Spearman, C. and Holzinger, K., “The Average Value for the Probable Error of 
Tetrad Differences.” Brit. Journ, Psychol. (1930), xx, 370. 
3 Essentials of Mental Measurement. Cambridge: The University Press, lst edition, 


1911, pp. 83-86. Brit. Journ. Psychol. (1913), vx, 223. 
з This is the famous ‘hierarchical order’ of correlation coefficients. 
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coefficients had first to be ‘corrected’ for errors of observation (by 
formulae whose general or universal applicability I dispute), and even 
the criterion was only applicable to those coefficients which reached a 
certain ‘correctional standard,’ and thus did not admit of application to 
the whole table of correlation coefficients, as the tetrad criterion does. 

In my own research work with mental tests in 1909, 1910 and 1913, I 
did not feel justified in considering my results as confirmatory of Prof. 
Spearman’s theory, because of the above-mentioned difficulties. But on 
the other hand I never contended that my results disproved his theory. 
In the Essentials of Mental Measurement, 1st edition, 1911, I wrote: 
“А definite solution of the question of the existence or non-existence of 
one central mental ability is yet to be sought. It can only be obtained by 
the use of much larger random samples than those hitherto employed, 
since the probable errors must be small compared with the coefficients, if 
precise inferences are to be drawn from the latter, and in the case of 
small samples this condition is satisfied only for large correlation co- 
efficiente, which when obtained are often merely the result of selecting 
tests which measure closely similar mentalabilities. In all resulta hitherto 
quoted in support of ultimate identity of general intelligence and general 
sensory discrimination, the correlations contributed by the latter are во 
small compared with their Р.Е.’в that nothing definite can be inferred from 
them" (р. 120). My verdict at that date had to be ‘Non-proven,’ but 
certainly not ‘Disproved.’ 

Nevertheless, in the interests of history and of scientific completeness, 
16 seems worth while to work over some of those earlier results of mine 
with the aid of the tetrad criterion. I have done this with (I) a group of 
66 boys, aged 11—12 years, of an Elementary School (Essentials of Mental 
Measurement, 18 edition, р. 114), (П) a group of 40 boys, aged 11-12 
years, of a Higher Grade School (ibid. p. 116)!, and (ПТ) a group of 83 
boys, aged 14—16 years, of a Public School (St Paul's School), examined 
in mathematics only?. In the first two groups I have pooled correla- 
tions between too-closely related abilities, in conformity with Prof. 
Spearman’s criticism, and in the third group I have refrained from 
‘partialling out’ for difference of form (the boys were drawn from five 
different forms) as this difference itself was some measure of difference of 
mathematical ability. 


1 Both in “Some experimental results in the correlation of mental abilities," Brit. 
Journ. Paychol. (1910), пт, 296. 

з “Ап Objective Study of Mathematical Intelligence." Biometrika (1910), уп, 352. The 
table of correlation coefficients, uncorreoted for difference of form, is given in Mind and 
Personality, University of London Press, Ltd., 1926, p. 123. 
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In Group I, with 8 tests, the total number of positive tetrad differences 
is 210. The observed median tetrad difference is 0-0208, and the esti- 
mated value is 0-024, which may be compared with the ‘theoretical’ 
P.E. value, calculated by the Spearman and Holzinger formula, 0-0353. 
Moreover, o, = 0-0456, which gives another value of the conventional 
P.E., viz. 0-67449 о, = 0-08076, which is also below the ‘theoretical’ 
value. These results, so far as they go, are all in favour of Spearman’s 
two-factor theory. The distribution of tetrads is markedly leptokurtic, 
and B, = 4-275, as compared with В; = 3 for a Probability Curve. 

In Group II, with 8 tests and therefore 210 positive tetrads, the 
median tetrad difference is 0-0528. The ‘theoretical’ р.к. (S. and Н.) is 
0-0495, which shows a difference of 0-0033 on the wrong side. But 
c, = 0-069, giving another value of the conventional р.к. 0:0465, which is 
in conformity with the two-factor theory. 

The distribution of tetrads is markedly platykurtic. В, = 2:308. 

In Group III, with 9 subsidiary mathematical abilities intercorre- 
lated, and therefore 378 positive tetrads, the results are: 

Median tetrad = 0-0761, ‘Theoretical’ P.E. (8. and Н.) = 0-0379, 
Mean tetrad = 0-1201, 
с; = 0-1612, giving ‘Conventional’ р.и. = 0-1087, 


ра (i.e. 0,2) = 0-02601, p, = 0-002637. ~. В = P$ = 3-9041, 


. te. > 8 (a MAPA curve). 

Although this group furnishes a smooth frequency curve of tetrad 
differences, the results givé little support to any theory of a central 
mathematical factor. No such theory has been put forward by Prof. 
Spearman himself, and I have only introduced this group as a good 
illustration of the working out of the tetrad criterion on fairly adequate 
statistical material Whether the excess of о; over the corresponding 
Spearman-Holzinger value is statistically significant could only be de- 
cided with precision by determining the standard deviation of o,. This 
involves the use of complicated formulae devised by Prof. Karl Pearson’. 

But the results in Groups I and II, as far as numbers allow, do support 
the existence of a central intellective factor (9), and, when taken in 
relation with the large body of similar evidence accumulated during the 


1 My thanks are due to Mr В. J. Bartlett, М.Во., for calculating tetrad differences and 
certain constants in this research. I have myself re-calculated all the results, apart from the 
tetrad differences. 

з Applying theseformulae, [find p.m. of о; = 001175, andthereforer.x. of P3. = 0007928. 
Hence the evidence is against the existence of a central mathemaitcal factor. 
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last twenty years by Prof. Spearman and his students, help to give solid 
basis to that theory. A mathematically satisfactory proof of the theory 
would involve much larger numbers, both of individuals tested and also 
of non-overlapping tests of intellective ability to be used upon them. In 
a critical article by Prof. Karl Pearson! on this subject the following 
paragraph appears: “We suggest that some 12 to 15 abilities (66 to 105 
correlations, 1485 to 4095 tetrads), the abilities being settled by psycho- 
logists a priori to avoid ‘overlaps,’ are essential to a satisfactory test, the 
observations to be made on a homogeneous population of several 
hundreds. Short series involve such large probable errors that a mere 
statement that theory and observation are in accordance within the 
limits of the probable errors can carry no conviction with it.” 

I have organized a research along these lines, with the kind help of 
Prof. Spearman and Dr W. Stephenson of University College, London. 
Dr Stephenson has devised a series of 20 tests of apparently non-over- 
lapping intellective ability (selected not exactly a priort but after 
much careful preliminary trial), which received the approval of Prof. 
Spearman, and has applied them for me to 300 boys, aged 104-11 years, 
drawn from 12 Elementary Schools of the L.C.C., forming a homogeneous 
‘random sample’ of adequate size for statistical purposes. The total 
number of positive tetrad differences is 14,535. It haa since been found 
necessary to reject one of the tests and one of the correlation coefficients. 
There remain 11,356 positive tetrads which form a smooth frequency 
curve, the mathematical properties’ of which I am now working out. 
I have found that the best-fitting frequency curve is a Type Пл 
Pearson curve, with equation 

gi \ 13-689 | . 

188) . [Unit of grouping = :005.] 

The curve is platykurtic, with В, = 2-81446. The standard deviation, 
о, = 0-031289 + -002586. If we compare this with the ‘theoretical’ 
Spearman-Holzinger value, 7, = 0-02827, we find an excess of 0-003019, 
being 1-167 times the probable error. This means that the odds are 71 
to 54 (about 4 to 3) against such a deviation—a good correspondence of 
observation with theory. But only after much further psychological and 
mathematical analysis of the enormous mass of data can a final conclusion 
be drawn. The material satisfies the most stringent demands of statistical 
theory and will furnish a precise and definite solution of the problem of 
a Central Intellective Factor. A joint paper by Dr Stephenson and myself 
on the whole research is now in preparation and will appear shortly. 


+ Karl Pearson and Margaret Мош, “The mathematics of intelligence, I. The sampling 
errors in the theory of a generalised factor.” Biometrika, x1x, 201. 
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APPENDIX 
Group I. 66 boys, aged 11-12 years. Elementary School. 
Correlation Square. 
1 2 3 4 5 6 7 8 


Combination | — 0-52 0-52 


1. 

2. Memory, poetry 0-52 — 0-49 
3. Memory, mechanical 0-62 0:49 — 
4. Addition 0-39 0-39 0-29 
5. Letters (ER + ANOS) 0:46 0:27 0-34 
6. Motor Ability 0-13 0-12 0-14 
7. Illusion (M.-L.) 0:00 0-05 0-12 
8. 


Biseotion 0:16 0-13 0-10 
No. of -- уе tetrad differences of form rj, 


0:39 0-46 0-18 0-00 0-16 
0.39 0-27 0-12 0-05 0-13 
0:29 0-34 0-14 0-12 0-10 


041 — 0-37 0-10 0-00 
0.12 0:37 — 004 0-00 
0-03 0-10 004 —- 016 
0.20 0-00 0-00 016 — 


4 -Tun = 3 x 90,—210. 


Symmetrical Distribution of Tetrad Differences. 
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Distribution of Positive Tetrads. 


а 8 2 в: 
101 
18 


Range of tetrad 5 Ф = 
Frequency 81 49 20 30 
Observed median tetrad difference — 0-0208. 
Estimated =0-024. 
Observed о of tetrad differences =0-0456. 
*. Conventional р.в. =0-67449c=0-08076. 
‘Theoretical’ P.E. (Spearman and Holsinger) 
из =0-00207846, 
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Total 
210 


© 
$ 
; 
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*? 0-096-0-112 
№ 0-112-0-128 
©з 0-128—0.144 
to 0-144-0-160 


=0-0353. 


14 ::0-000018469, AA t —4-276 (a leptokurtio curve). 
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Grover П. 40 boys, aged 11-12 years. Higher Grade School. 











Correlation Square. 
i 1 2 3 4 5 6 7 
1. Intelligence — 06585 0-645 0-405 0:26 0:93 0-445 
(8. Marks + Gen. Intell.) 
2. Memory, poetry 0-585 — 044 0-44 0-00 0185 0-38 
3. Combination 0-645 0-44 — 046 032 0:06 028 
4. Drawing 0-465 0:44 0-46 — O14 0:16 0-39 
5. Addition (speed) 0-26 0:00 0:32 0-14 — 0-276 0-00 
6. Letters (ER+ANOS) 0:23 0385 0-00 015 0275 — 000 
7. Memory, mechanical 0:445 0-38 0-28 0-39 0:00 0-00 — 
8. Motor Ability 0-275 0-19 028 000 020 0-125 0-00 
(all letters) 
- Symmetrical Distribution of Tetrad Differences. 
Е 40 
83 
© 
P 20 
я 
о 
pn 
m gle Г] [ 1 г 
-192 -160 —128 --008 ~064 -032 -000 -032 -084 -096 -128 160 192 
` Бізе of tetrad . 
Median tetrad difference =0-0528. 
Observed o of tetrad differences —0-069. 
.'. Conventional в.в. =0-0465. 
‘Theoretical’ в.в. (8. and H.) 20-0495. 
pia 0-004785, pa =0-000053308, 
7. B 2-858 (а platykurtio curve). 
Distribution of Positive Tetrads. 
© N N e e 
ee) D X 
МЕКО 
-wmd & à S$ à à à à à à & a à 
Frequency 39 25 29 35 25 20 14 17 3 0 2 1 


Grover ПІ. 83 Public School Boys, aged 14-16 years. 
Mathematical Examination, 1910. 


* 


DUP OHA 


Correlation Square. 
E I G A 


х Ы 


0-47 0-55 0-59 0-78 0-51 
0.69 0-02 0-53 0-61 0-55 

— 0:57 0-76 0-44 0-82 
0-57 — 0-49 0-47 0-49 
0.76 049 — 0-41 064 
0-44 0-47 041 — 0-46 
0.82 0-49 0-64 0-46 — 
0-46 0:43 0-44 0-65 0-49 
0-23 0-22 0-26 0-49 0-28 


о 9 
я 


ocooooo 
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> 
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22222222 ane 
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Total 
210 
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9 В 
A. Memory of Definitions and General Principles (e.g. principlé of superposition). 
B. Memory of constructions. 
C. Memory of preceding propositions and power of applying them. 
D. Recognition of necessity of generality m proof, and power of recognizing general 
relations in a particular case. 
Arithmetic. 
E. Асопгаоу. 
Е. General memory of rules and power of applying them. 
G. Power of doing sums in percentage and proportion. 
Algebra. 
H. Accuracy. 
I. . General memory of rules and power of applying them. 


No. of + уе tetrad differences of form 145 Гы — Га 744 =3 x °C, = 878. 
Symmetrical Distribution of Tetrad Differences. 
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‘Distribution of Positive Tetrads. 


$5 2358238533534 3 
ees 2 d 3 2 3331 
tetrad & © © © © © © © © Total 
Frequency 153 85 52 36 19 1 12 6 2 378 


The constants of this distribution are: 
Median tetrad = 0:0761. Standard deviation, o,, —0-101270. 
Mean tetrad=0-1201. 0-074496, —0-10878. 


‘Theoretical’ р.к. (S. and H.) 20-0379. 
ой=р:=0-02601, м —0-002037. 
г. Bs A =3-9041 (a leptokurtic curve). 
The best-fitting curves to the distributions are Type 11 4 (platykurtio) and Type П в 
(leptokurtic) Pearson ourves. The actual equations to three curves are: : 


for Group I, y= eat 
(1 seus) 
zi 2.174 
for Group П, у=84 154 e ~ +3535) H 
for Group III, y= а 
(1 +399) 


(Manuscript received 26 July, 1932.) 
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By HENRY BOWERS. 
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I. Гутвороотом. 


Іт has been shown(1) for a certain list of forty-five words that a small 
but significant correlation exists between the mean concrete visual 
imagery claimed for each word and the number of times it was remem- 
bered. The number of subjects used was small, which of course involved 
considerable instability in both these variables, and more especially in 
the latter. On this account it was deemed advisable to carry out another 
experiment in which the number of subjects was substantially increased. 
At the same time an attempt was made to find to what extent visual 
verbal imagery and retention of these words varied concomitantly. 


II. THE PROBLEMS. 


1. To determine the degree of correspondence between the mean 
claimed concrete visual imagery for words in a given list and the number 
of times these words were recalled. — - 

2. To determine the degree of correspondence between the mean 
claimed visual verbal imagery for words or letter-combinations and the ` 
number of times those words or letter-groups were recalled. 
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3. To find if significant difference in this correspondence exists be- 
tween words in the first and last thirds of the reproduction lists. 

4. To find if groups of subjects claiming high and low concrete or 
visual verbal imagery differ in respect of the number of words or letter-. 
combinations recalled. 


III. Ouro: OF METHOD AND CONOLUSIONS. 


A list of 139 monosyllabic words,-the concomitant imagery of which 
was in the main likely to be visual, was composed by making three. 
selections of the same forty-five words. The words in each selection were 
in a different chance order. Two ‘dummy’ words were placed at the 
beginning and two at the end in order to counteract the influence of 
primacy and recency. i 

‚ This list was read to 128 subjects at the rate of one word per second, 
Ti the case of another group of 122 subjects the presentation was visual. 
Immediate reproduction of the words in any order was required. 

The subjects in the former group rated on a six-point scale the con- 
crete visual imagery aroused by each word, those in the latter group 
rated the visual verbal imagery on the same scale. 

Thus, for each word were known the ‘mean image,’ visual or concrete, 
and the number of times that word was remembered. Coefficients of 
correlation indicative of the degree of stability of (a) the mean élaimed 
imagery, and (6) the number of times each word was remembered were 
calculated. Pearson r between (a) and (b) was also found. Also, groups 
of subjects claiming high and low imagery were compared in regard to the 
total number of words recalled. ; 

Seventeen letter-groups of three consonants each were M 
These were presented visually to 251 subjecta and immediate reproduc- 
tion was required. The mean claimed visual verbal images were found. A 
statistical treatment similar to that indicated above was made. 

It was found that: 

1. A significant positive correlation exists between the а of 
times these particular words were remembered and the concrete visual 
imagery claimed for them. This confirms the previous finding: 

2. (а) In the case of these forty-five words a smaller but still signifi- 
cant correlation exists between the number of times they were remem- 
bered and the mean claimed visual verbal imagery. 

(5) For the nineteen letter-combinations the coefficient was some- 
what larger. 

3. The correspondence between memory and imagery is more marked 
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in the first third of the reproduction list than in the last third for concrete 
imagery and for visual verbal imagery when letter-groups were used. 
There is slight evidence of reversal of this finding for visual verbal 
imagery when words were employed. 

4. (a) There is some evidence that groups of subjects claiming high 
conorete imagery recall more words than groups whose claimed imagery is 
low. ` . 

(b) No difference could be found between groups claiming high and 
low visual verbal imagery in the matter of recall. 

D. It is confirmed that “just as there appears to be a relatively con- 
stant order of precedence in words in respeot of the mean imagery 
attached to them by a given group, so there would seem also to be an 
order of memorial precedence” (1). 

6. The order of ‘memorial precedence’ depends on the mode of | 
presentation. | 


ТУ. GENERAL PLAN OF EXPERIMENT. 


In thea rticle “Memory and mental imagery” (1), data were reported 
concerning the influence upon correlation between imagery and recall, 
of variations in procedure affecting (a) interval between presentation - 
and reproduction, (b) time required in presenting each word. No difference 
could be detected between the correspondence of imagery and recall 
when reproduction was required at once or at an interval of two minutes. 
The matter of interval before reproduction will not be considered in this 
paper. Since no consistent variation was produced in the coefficient by 
varying the time of presenting each word this factor was kept constant in 
the present experiment. Also, an attempt to make a partial elimination 
of association between the words was described. This was without ap- 
parent effect and was not repeated. 

In the previous experiment no account was taken of the possible 
effect of visual verbal imagery. Data connected with this factor will be 
reported. 


V. RESULTS OF PROBLEMS. 


(1) Problem 1. 


The forty-five monosyllabic words used in the former experiment 
were again employed. It might be objected that several words in this 
list could hardly be described as potential evokers of concrete visual 
imagery. However, it will be noted that these words are among the 
lowest in mean claimed imagery. The first figure after each word is the 
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mean claimed concrete visual image (128 subjects), the second is the 
mean claimed visual verbal image (117 subjects). .A six-point scale ((2) 
р. 217), 0, 1, 2, 3, 4, 5, was used in each case. 


beard (4-0; 3-1), boat (4-0; 3-3), clan (1-9; 3-2), dime (4-3; 3-1), elf (2-4; 
9:3), fend (2-1; 2-9), ghost (2-8; 2-9), grass (4-4; 3-2), hat (4-5; 3-7), hen 
(4-1; 3-6), jug (4-1; 3-2), path (3-9; 3-0), pew (3-7; 3-1), phrase (2-4; 2-4), 
plank (3-7 ; 2-8), porch (4-0; 3-0), pouch (2-7; 3-0), prince (2-6; 3-1), purse 
(4-0; 3-1), quill (2-3; 3-0), rib (2-5; 3-5), rogue (1:9; 2-9), rug (3.9; 3-5), 
rust (3-3; 3-3), scar (3-7; 3-1), shrub (3:6; 2-7), sky (4:3; 3-3), slum (2-0; 
3-2), snake (3-8; 2-8), swan (2-9; 3-2), tent (4-0; 3-5), thief (2-0; 2-8), toad 
(3-4; 3-1), tongs (3-4; 2-8), tweed (2-8; 2-9), twin (3-2; 3-2), valve (2-3; 2-9), 
van (8-2; 8:5), verb (2-9; 3-2), wad (2-2; 3-1), wand (3-0; 3-0), wart (3-6; 
2-9), weed (3-8; 3-2), wig (3-2; 3-3), wisp (2-0; 3-0). 


From these words a list of 136 was ша4е(1). Four ‘dummy’ words 
only were added. The list of 139 words was read to a group of 128 teachers 
in training, at the rate of one word per second. It was requested that 
tendencies to speaking movements be inhibited as far as possible. Imme- 
diately after the reading the subjects wrote the words in any order. Some 
weeks later the concrete visual image evoked by each of the forty-five 
words was rated. None of the subjects had had previous experience in 
this type of introspection. 

The group of 128 subjects was divided at random into two equal 
groups. For each of these groups the mean concrete imagery claimed for 
each word was found, and also the total number of times each word 
was recalled. Pearson r for the former two sets of figures was 
+ 0-95 + 0:01 (N = 45; 64 and 648s), and for the latter + 0-74 + 0-05 
(№ = 45; 64 and 64s). These two coefficients enable us to fix upper and 
lower limits to the coefficient of correlation between the mean claimed 
imagery for each word and the number of times it was recalled by the 
whole group of 128 subjects. The uncorrected coefficient between these 
figures was + 0-46 + 0:08 (N = 45; 128 and 12853). Tt is clear that the 
coefficients 0.95 and 0-74 would be increased if the whole group of 128 
subjects were taken instead of the half group of 64, but not to the extent 
predicted by the Spearman-Brown formula, viz. to 0-98 and 0-85 respec- 
tively. The value of each of these coefficients when the whole group is 
taken into account must lie between 0-95 and 0-98 and between 0-74 and 
0-85. Substituting the extreme values in the well-known formula for 
correcting for attenuation we find that the coefficient + 0-46 is raised to 
a value between the limits + 0-51 and + 0-55. However, as a matter of 

12-2 


184 Visual Imagery and Retention 


conservatism we shall use the uncorrected coefficient. Later it will be 
shown that this figure ів reduced to + 0-42 when the influence of visual 
verbal imagery is ‘partialled out.’ 

Another approach to this problem of imagery and retention was 
made by comparing three groups of words, of high, medium and low 
claimed imagery, in respect of the average number of times each word 
was recalled by the 128 subjects. The eleven words of highest, eleven of 
medium, and the eleven of lowest claimed imagery were chosen. Arith- 
metic means and medians are reported in Table I. 


Table I. Comparison of growps of words in respect of average 
concrete imagery claimed and number of times recalled. 


Average number of 


; Average olaimed imagery times recalled 
Position of group А 
in range Arithmetic Arithmetic 
of imagery Mean Median mean Median 
Highest 11 4-15 4.10 51-5 52-0 
Middle 11 3-10 3-20 36-2 30-0 
Lowest 11 2-15 2-10 28-6 25-0 


These averages are in agreement with the positive correlation re- 
ported above. It is worthy of note that words of the highest claimed 
imagery are markedly in advance of those of medium and lowest imagery 
in the matter of recall. The following analysis shows the extent to which 
overlapping took place in the number of times individual words were 
recalled. 

Highest 11: One word below the median of the lowest 11. 

Middle 11: Two words above’ the median of the highest 11; three 
words below the median of the lowest 11. 

Lowest 11: One word above the median of the highest 11; two words 
above the median of the middle 11. 


(2) Problem 2. 


(a) Experiment in which words were used. 

In this experiment the same 45 words were used. Each of the 
122 subjects! was given two strips of paper on which the 139 words were 
typed in single column arrangement. At the beginning the words were 
covered with a sheet of paper. А word was uncovered each second when 
a sharp tap was given. It should be made clear that although one new 
word was displayed every second those already looked at were still in full 
view. It was requested that speaking movements be inhibited. Imme- 
diate reproduction of the words in any order was required. Some weeks 


1 These subjects were not used in the previous experiment, 
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later practice was given in rating the visual verbal images aroused by 
letter-groups. It was clear that after-images were quite prevalent. There 
was also the strong probability of the presence of memory after-images. 
The subjects were requested to allow these images to fade out before 
assigning a rating. Each of the 45 visual verbal images was rated by 
117 subjects on the six-point scale previously employed. А random divi- 
sion of the 117 subjects was made into two groups one containing 59, the 
other 58 subjects. The 122 subjects were divided into two equal groups. 
As in the case of the concrete visual imagery coefficients of correlation 
were calculated between the two sets of mean claimed images and also 
between the two sets of numbers obtained from the reproduction?. 
Pearson r's were + 0-84 + 0:03 (N = 45; 58 and 59 Ss) and + 0-88+.0-02 
(№ = 45; 61 and 618s), respectively. The coefficient of correlation be- 
tween mean claimed visual verbal imagery for each word and the number 
of times it was recalled was + 0:36 + 0-09 (N = 45; 117 and 122 83). 
Corrected for attenuation as before this coefficient lies between + 0-39 
and + 0-42. 


Table II. Comparison of words of same mean visual verbal imagery but of 
different length in respect of retention. (Number of subjects, 117.) 


Number of Number of 
Mean visual times long times short 


verbal word was word was 
Words imagery Temembered remembered 

Prince—Wad 3-1 37 27 
Beard—Pew 3-1 35 55 
Grass—Jug 3-2 80 49 
Tent—Rib 3.5 50 31 
Rust—Elf 3-3 33 92 
Boat—Sky 3.3 38 74 
Dime 3-1 40 34 
Porch—Path 3-0 45 11 
Pouch—Wand 3-0 51 15 
Quill—Wis 3-0 62 31 
Fiend—Wart 2-9 65 56 
! Totals 536 475 


On reference to the figures given for the mean visual verbal images of 
the forty-five words it is apparent that the images of the shorter words 
are rated more highly than those of the longer ones. On this account there 
arises the possibility that the positive correlation (+ 0-36) reported above 
may be due to ease in remembering short rather than long words. To 
throw some light on this problem words of the same mean claimed visual 

1 Pearson г between the number of times the words were recalled when presented 


auditorily and the number when presented visually was + 0-39 + 0-08 (N = 45; 128 and 
12258). This indicates that the memorial order depends on the mode of presentation. 
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verbal imagery were paired. The words in each pair were of unequal 
length. Table II contains the relevant data. 

If there is any definite tendency here it is that the longer rather than 
the shorter words are favoured in retention. 

Another method of dealing with this question is to compare words of 
the same number of letters but of different imagery. This is done in 
Table III. 


Table Ш. Comparison of words of same length but of different mean 
visual verbal imagery in respect of retention. (Number of subjects, 117.) 


Mean Number Mean Number 
visual of times visual of times 
verbal word was verbal word was 
Word imagery remembered Word imagery remembered 
Hat 37 31 Pew 3-1 55 | 
Hen } 3.6 al ug Wad } 3-1 от) 82 
Tent 3-5 50 Wand 3-0 15 
Rust 3:3 m 121 Wisp 3:0 81. 102 
Boat 3-3 38 Wart 2.9 56 
Grass 3:2 80 Shrub 2-7 21 
Beard 3-1 35+ 155 Tones} 2.8 s 86 
Purse 3-1 40 Thief 2-8 32 


There is apparently no ground for the supposition that in this parti- 
cular list of words the positive correlation between verbal imagery and 
retention is due to the fact that shorter words are easier to remember. 

. Two other questions arise, one concerning the possible contribution of 
concrete imagery to the correlation between verbal imagery and recall, 
the other in connection with the possible influence of verbal imagery 

- upon the relationship between concrete imagery and recall. The coef- 
ficient of correlation between mean concrete imagery and mean visual 
verbal imagery for the 45 words was found to be + 0-34 + 0-09 (№ = 45; 
128 and 117 Ss). This is a surprisingly high figure and might suggest that 
a certain proportion of subjects was influenced by concrete imagery in 
rating verbal imagery. There is, however, another and more likely reason, 
namely, pure coincidence. This is illustrated by considering three words, 
‘hat,’ ‘hen,’ ‘phrase.’ It is obvious enough that the first two would on 
the average arouse relatively clear concrete images and the third, rela- 
tively vague. On the other hand one can readily see why an exactly 
parallel situation should hold in the case of verbal imagery. Elimination 
of these three words lowers the coefficient of + 0:342, referred to above, to 


1 In calculating the partial coefficients of correlation reported in Table IV this figure 
was, of course, used. 
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the substantially smaller one, + 0-21 + 0-10 (N = 42). Using the partial 
coefficient technique the figures reported in Table IV were found. 


Table IV. Coefficierits of correlation between imagery and retention. 


Concrete imagery and retention (auditory presentation); verbal imagery constant + 0-42. 
Verbal imagery and retention (auditory presentation); concrete imagery constant + 0-07. 
Verbal imagery and retention (visual presentation); concrete imagery constant + 0-33. 
Concrete imagery and retention (visual presentation); verbal imagery constant + 0-02. 

It will be noted that the original coefficients are not altered materially. 

A comparison of the average retention of groups of words taken from 
different parts of the imagery range is of some interest. The data are 
reported in Table V. 


Table V. Comparison of groups of words in respect of average verbal 
imagery claimed and number of tumes recalled. 


Average number of times 





Average claimed imagery each word was recalled. 
Position of group А г ———— s 
in range Arithmetio Arithmetic 
‚ of imagery mean Median mean Median 
Highest 11 3-45 3-50 55-4 50-0 
Middle 22 3:10 3-10 39-5 36-5 
Lowest 12 2-80 2-85 38-2 33-5 


These figures are in general agreement with the coefficients found. As 
in the case of concrete imagery, the words of highest claimed imagery are 
considerably in advance of those of medium and lowest imagery in the 
matter of recall. Again there is overlapping. For instance, of the eleven 
words of highest verbal imagery three are remembered fewer times than 
the median of the middle twenty-two. Of the lowest twelve there are 
four remembered more frequently than the median of the highest eleven, 
and one other remembered oftener than the median of the middle 
twenty-two. | 


(b) Experiment in which letter-growps were used. . 

The following seventeen letter-combinations. were used as experi- 
mental material: ; 

wag (2-6; ББ), cbl (3-8; 83), mgw (3-0; 90), сју (3-4; 116), qfg (2-7 ; 62), 
bno (3-6; 98), grk (3-0; 121), lve (3-4; 107), gdn (3-1; 69), nlj (2-9; 49), 
kwf (3:0; 66), уб) (3-0; 108), Iht (3-3; 56), qkm (3-0; 82), tnv (3-1; 66), 
дам (2-8; 21), plt (3-5; 78). 

After each group are two figures; the first is the mean claimed visual 
verbal imagery for 251 subjects, the second, the total number of times the 
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group was recalled by- all these subjects. The procedure followed was 
almost identical with that described in the experiment just reported. 
Each letter-group was repeated four times instead of three as in the case 
of the words. ‘Dummy’ combinations were used in the visual presenta- 
tion. Practice in rating ‘dummy’ groups was given before the experi- 
mental material was used. In the reproduction list the following ‘spelling’ 
mistakes were permitted: (1) substitution of one letter for another, 
(2) reversal of two letters, (3) reversal of three letters. A study of the 
relation of these errors to verbal imagery will be reported in another 
paper. 

It will be observed that no vowels are included. This reduces the 
imagery range very materially since imagery for them is relatively high (3). 
However, previous unpublished work of the writer showed conclusively 
that letter-groups containing vowels are remembered very much more 
easily than those composed only of consonants, due no doubt to the fact 
that they lend themselves more readily to pronunciation and are richer 
in associations. This combination of circumstances makes the interpre- 
tation of results unusually difficult so that it was decided to use consonants 
only. 

The 251 subjects who took part in the experiment were divided into two 
approximately equal groups. Coefficients of correlation between the two 
sets of figures for memory, between the two for imagery, and also between 
those for imagery and memory were calculated. Pearson r for the scores 
for memory was + 0-90 + 0-02 (№ = 17). For the two sets of values for 
mean verbal imagery it was + 0:92 + 0-02 (N = 17). Between mean 
verbalimagery and memory r was + 0-47 + 0-13(N = 17; 251 and 251 Ss). 
Corrected for attenuation the coefficient would lie between + 0-49 and 
+ 0-51. 


Table VI. Comparison of letter-groups in respect of average verbal 
imagery claimed and number of times recalled. 


Average number of times 
Average claimed imagery each group was recalled 
4 (A 


Position of group 
in range Arithmetic Arithmetic 
of imagery mean . Median mean ' Median 
First 8 34 3-45 83 80 
Last 9 2:9 3-0 73 66 


The first eight letter-groups on the imagery scale were compared with 
the last nine in respect of memory. Table VI contains the relevant data. 
‚ Of the first eight groups three equal or fall below the median memory 
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score of the last nine, of the last nine three exceed the median memory 
score of the first eight. 
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(3) Problem 3. 

In order to find if significant difference in the correspondence between 
imagery and retention exists between words or letter-groups in the first 
and last thirds of the reproduction’ lists these portions were treated 
separately. The coefficients and averages found are reported in Table УП. 


Table VII. Comparison of coefficients and averages obtained from the 
first and last thirds of the reproduction lists. 


Total First third Last third 
No. of А 
words ог Pearson r Pearson r 
letter- between between 4 
Experi- Type of groups image Mean imagery Mean 
mental imagery Мо. о? im each and claimed an claimed 
material involved subjects third retention imagery retention imagery 
Words Concrete 128 558 0454008 3:5 0-33 + 0-09 3-3 
Visual (N = 45) (N = 45) 
` Words Visual 117 643 017 + 0-10 3-1 0-44 + 0-08 3-2 
у Verbal (N = 45) (№ = 45) 
Letter- Visual 247 0-65 + 0-09 3-1 0:08 + 0-16 2-9 
groups Verbal (NV = 17) (N = 17) 


It is apparent that no definite tendency emerges here. In the former 
experiment “Memory and mental imagery” (1) no difference could be 
detected between the first and last thirds in this respect. This problem 
requires further investigation. 


(4) Problem 4. 


When one turns from thexmean image ratings assigned by sufficiently 
large numbers of subjects to & consideration of the imagery claimed by 
individual subjects, serious difficulties are encountered. Indeed, the 
technique just used was devised by the writer in an attempt to.escape 
from the pitfalls of individual introspection. Two of these pitfalls are 
(a) carelessness or incompetency on the part of the subject who is rating 
his imagery, (b) constant tendency to exaggerate or under-rate the clarity 
of imagery. It has been shown(2) that when blurred photographs are 
rated as pretended images there is consistent tendency to exaggerate or 
minimize the estimates. This tendency is distributed roughly according 
to the normal frequency curvet. An attempt to correct for tendency to 
exaggerate or minimize was unsuccessful. However, if it be accepted that 


1 Vide, Am. J. Psychol. 1931, xum, 220. The titles of Fig. 1, p. 220 and Fig. 2, p. 225 
should be interchanged. ; 
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this tendency has a normal distribution one could treat the mean imagery 
of a sufficiently large number of subjects as the true imagery of a single 
subject. Unfortunately, it is difficult to secure sufficiently large numbers 
_of subjects in any imagery range. The figures reported in connection 
with Problem 4 are open to this criticism. 

A device is suggested for elimination of careless or incompetent 
raters. This device has not been fully investigated experimentally and it 
is employed in connection with this problem to illustrate one method of 
use. Although its efficacy has not yet been demonstrated experimentally 
it can do no harm here—other than reducing the number of available 
subjects—and it may be of some value. 

It is clear that worthless ratings, considered apart from exaggeration 
or minimization, are not necessarily detected by reliability coefficients 

‚ since they may be perfectly consistent in their worthlessness. The writer 
has shown that visual terms, items in pictures, geometrical and nonsense 
pictures (4) and letter-groups(8) may be arranged in a fairly constant 
order in respect of the mean images formed of them by groups of subjects. 
This property may possibly be used in the appraisal of ratings. 

The highest and lowest six letter-groups in the range of mean images 
were selected. These were respectively: cbl (3-8), bne (3-6), plt (3-5), 
Ive (3-4), оўу (3-4), Iht (3.3), and nlj (2-9), zwf1 (2-8), xgt* (2-8), dgw (2-8), 
дїр (2-7), жав (2-6). Table VIII contains data for estimation of the sig- 

. nificance between the mean claimed imagery for the lowest member (Iht) 

of the group with high i ingery and the highest (nlj) of the group with 


low imagery. 
Table VIII. Arithmetic means and, standard deviations 


of the letter-growps Iht and nlj. 
Letter- No. of Arith. 
group ` subjects mean o dis c diff 
Iht 251 3-3 1-12 -093 
nlj 251 2-9 0-96 


The ratio of the difference between the means to the standard 


deviation of this difference is 705, = 4:3. Thus the difference in mean 


claimed imagery for the two letter-groups closest to each other in this 
respect is outside the operation of chance. For the high and low groups 
the median claimed images are 3-45 and 2-80 respectively. 

Although a group of 251 subjects has rated each of the images of one 


1 These groups although ‘dummies’ were rated as consistently. as the others. 
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set of six letter-combinations significantly higher than each of the images 
of & second set, it is not to be expected that this condition would hold 
rigidly in the case of any particular subject. For example, a certain 
letter-group, the average image of which is low, may be the initial letters 
of the name of one’s friend, or even the call letters of a radio station. 
А subject noticing this coincidence would probably have less trouble in 
evoking the image than another for whom the letters were without special 
significance. However, it seems quite plausible to suppose that a subject 
whose total ratings for the six ‘low groups’ was equal to or greater than 
his total for the six ‘high groups’ would be incompetent. 

For obvious reasons this technique is more applicable to material 
such as visual verbal imagery and imagery for pictures or nonsense 
figures than for concrete images provoked by a word stimulus, for example 
by the word ‘horse.’. Yet even in the latter case, by using discriminating 
groups of stimuli not only sufficiently large but also well within the 
experience of the subjects, the procedure would seem to be applicable. 

In connection with Problem 4 the device just described was applied 
with the appropriate discriminating groups to subjects rating the three 
types of experimental material. Care was taken to adhere to the same 
standard of exclusion in the three cases by selecting discriminating groups 
whose median imagery was approximately the same as for the two sets of 
letter-combinations. We are quite aware that variations of the technique 
could be devised which would operate with greater strictness than the 
one employed, but we did not feel justified in further elaboration without 
adequate experimental basis. From ten to twenty per cent. of the subjects 
rating images of the three types of material were eliminated. In Table IX 
are reported the average number of words remembered by groups of 
subjects from different segments of the concrete imagery range. 


Table IX. Comparison of three growps of subjects differing in average con- 
crete visual imagery in respect of average number of words recalled. 


Arithmetic Arithmetio Median 
Subjects’ range mean of mean of words no. of words 
No. of in concrete imagery of remembered by remembered by 
subjects visual imagery group each subject each subject 
35 3-00—4-40 3-9 14-6 15 
52 2-70-3-59 3-2 12-5 12 
21 0-2-69 23 11-7 13 


There is apparently no advantage in memory for these words by an 
advance in mean imagery from 2-3 to 3-2. However, a further increase 


1 This supposition is not applicable to the letter-groups under consideration. 
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of 0-7 of a step appears to yield a decided superiority in memory. The 
standard deviation of the difference between the two means 14-6 and 
12-5 is 0-66. Dividing this figure into 2-1, the difference between the 
means, a quotient of 3-2 is obtained. For this reason it would appear 
unlikely that the difference between the two means could be attributed 
to the vagaries of chance. It may be recalled that there was & similar , 
marked advantage of the highest eleven words in the imagery range over 
words taken from the middle and lower end of the range (Table I). 

Table X contains the corresponding data when visual verbal i ady 
for words was under consideration. 


Table X. Comparison of three groups of subjects differing in average 
visual verbal imagery in respect of average number of words recalled. 


Arithmetic Arithmetic 
Subjects’ range mean of mean of words ~ 
No. of in visual imagery of remembered by 
subjects verbal imagery group each subject 
` 30 `__ 8-60—4-00 40 16-4 
45 2-70-3-59 3-1 15-5 
24 0-2-69 2-1 17:2 ° 


There is no need for further statistical treatment to show that subjects 
whose claimed verbal imagery is high have no advantage in the matter of 
recall under the conditions of this experiment. ` 

Similarly, the average number of letter-groups recalled by subjects 
belonging to different segments of the range of imagery was calculated. 
These, with other relevant data, are reported in Table ХТ. | 


Table XI. Comparison of two groups of subjects differing $n average visual 
verbal imagery in respect of average number of letter-groups recalled. 


Subjects’ Arithmetic Arithmetic mean 
range in visual mean of of letter-grou 
No. of verbal imagery of remembered by 
subjects imagery group each subject 
72 3-50-5-00 4-0 5-56 
37 0-2-50 1:8 5-59 


An average advantage of over three steps on the scale of imagery 
affords no advantage in the average number of letter-groups recalled. 


VI. DISOU8SION OF THE RESULTS OBTAINED IN CONNECTION 
WITH PROBLEMS 1, 2, AND 4. 


The situation is apparently this—under the conditions of these experi- 
ments there is a tendency for words whose attached concrete or verbal 
imagery is relatively clear to be recalled more frequently than words 
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whose attached imagery is relatively vague. This is in agreement with the 
results of an experiment in which was investigated the relationship be- 
tween the facility with which the component items of a picture are 
reproduced in visual images and the frequency of mention of these items 
in ‘reports’(4). On the other hand, with a somewhat doubtful exception 
‚ in the case of concrete imagery reported under ‘Problem 4’ in this paper, 
subjects with superior imagery appear to have no advantage in the matter 
of recall. This apparent paradox was previously dismissed by saying that 
the relationships (between mean imagery for the component parts of a 
picture and frequency of mention in ‘reports’) was not causal. While this 
may dispose of the matter in connection with pictures or nonsense-figures 
its occurrence also in connection with verbal imagery raises the question 
“again. 

Some of the possibilities may be considered. 

1. The positive correlations found may be true for the material used 
yet they are without general validity. However, the correlation has been 
shown to exist for concrete images aroused by words, for verbal imagery 
of both words and letter-groups, and also both for items in pictures and 
nonsense figures, 

2. Let us suppose that in a given group of 100 subjects there are 
30 who tend to use imaginal cues for recall. These 30 will either fall into 
some fairly well-defined segment of the imagery range, presumably the 
highest, or else they will be distributed uniformly throughout the range. 
It is possible to submit the former hypothesis to the test of experiment. 
Two groups of subjects whose mean imagery for the 17 letter-combinations 
was between 0 and 2-5 and between 3-5 and 5-0 were formed. If our hypo- 
thetical group of subjects who tend to employ imaginal cues in recall 
should, on the average, belong to the highest portion of the scale of 
imagery then there should be a disproportionate number of them in the 

range 3-5 to 5-0 as compared with that from 0 to 2:5. The six letter- 
combinations whose mean claimed imagery is highest, series A, and the 
six whose mean imagery is lowest, series B, were selected. A comparison 
was made between the average number of times letter-combinations 
from each of the two sets were remembered. These averages are given in 
Table XII. 

Since by our hypothesis there is a greater proportion of those who 
use imaginal cues among the 72 than among the 37, and since the letter- 
combinations of high attached imagery are easier to remember than those 
of low, a wider spread between the mean number of letter-groups remem- 
bered from series A and series B would be expected in the case of the 72 
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subjects than in that of the 37. There is apparently no support for our 
hypothesis. The slight difference in spread, viz. 0-16, must be attributed 
to chance variation. There remains the possibility that our group of 
subjects which tends to employ imaginal cues for recall is distributed 
uniformly throughout the whole range of imagery. This supposition 
would be consistent with our findings. 


Table XII. Comparison of the average number of letter-combinations from 
high and low imagery series recalled by subjects of high and subjects of 


low imagery. 
Median Median Mean no. Mean no. 
imagery of imagery of of letter- of letter- 
‘highest’ ‘lowest’ combina- combina- 
six letter- gix letter- tions re- tions re- 
Range of Mean of combina- combina- membered membered 


- No. of subjects’ subjects’ tions tions of of 

subjects imagery imagery (series А) (series B) series А Series B 
72 3-5—5:0 4-00 3-40 2-85 2-31 1-40 
37 0-2-50 1:80 | — — 2-05 1-80 


3. Another possibility which would also be consistent with the facts 
is that there is no one group of subjects which tends to use imaginal cues 
for recall. The cue for recall varies from word to word and from subject 
to subject. We are most attracted by this explanation. 


VII. CONCLUSIONS. 


1. There is a small but significant positive correlation between the 
mean concrete imagery attached to visual words by a group of subjects 
and the number of times these words are recalled by the group. This con- 
firms a previous finding. 

2. This correlation was also found to exist between visual verbal 
imagery for words or letter-groups and memory for them. 

3. The correspondence between memory and imagery is more marked 
in the first third of the reproduction list than in the last third when con- 
crete imagery and visual verbal imagery for letter-groups were under 
consideration. There is slight evidence of reversal of this finding for visual 
verbal imagery when words were employed. 

4. (a) There i8 sore evidence that groups of subjects claiming high 
concrete imagery recall more words than groups whose claimed imagery 
is low. 

(6) This was not supported by the results of two experiments in- 
volving verbal imagery, nor by previous work of the writer concerning 
imagery for details in pictures. 
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The apparent contradiction between conclusions 1 and 2 on the one 
hand and 4 (5) on the other is discussed in the body of the paper. . 

5. Itis confirmed that words have an order of ‘memorial precedence.’ 
This is true also of letter-combinations and demands consideration in 
experiments on memory involving nonsense syllables. The order depends 

considerably on the method of presentation. 
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Voice and Personality. By Т. H. Pear. London: Chapman and Hall. 1931. 
Pp. 247 + xi. 10s. 6d. net. 

For the first time in history the whole population is becoming, as Americans would 
say, ‘voice-conscious,’ owing to the extensive development of broadcast speeches and 
radio drama, which eliminate all.bhe customary non-auditory oues or methods of 
human communication. The greater part of Prof. Pear’s book consiste of an enter- 
taining and vivid'account of the various aspects of speech which are thus unavoidably 
brought to our notice—cultural distinctions, dialects, and the visual, synaesthetic, 
or other processes by. means of which listeners interpret the spoken word. Some ex- 
periments in this field, carried out with audiences ranging up to more than 4000 in 
number, illustrate the remarkable diversity of such interpretations. One wishes that 
the author would expand his consideration of the purely psychological roblem which 
constitutes the title of the book. Three main factors are involved: (1) The underlying 
traits of the individual speaker, which Pear calls his character. (2) The more super- 
ficial, biosocial behaviour, including the intonation, the dynamics, and the style of 
speech, also other forms of gesture. Pear shows how largely these are conditioned by 
social training and conventions; and he includes them under the term personality. 
(3) The impressions made by the personality on the minds of the observers or listeners. 
We are allie ignorant of the relations between these factors. The book should 
certainly stimulate us to investigate them scientifically. 


The Meaning of Music. Ву C. С. Prarr. New York: McGraw-Hill. 1931. 
Pp. viii + 253. $2.50. 

This short book is very welcome, since one so rarely finds a writer on the psychology 
of music, like Prof. Pratt, who is not only & chologist but also an enlightened 
musician. It will have little ‘popular’ appeal, Fo it includes many highly technical 

i ions into О problems; but it is certainly of importance as 
a contribution to musical aesthetics. The author seems to adopt the ‘characterizing 
attitude’ in his own appreciation of music; hence his aesthetic theory consists largely 
in an attempt to prove that emotional qualities are objective properties of the musio 
itself, and that ‘motion’ or ‘highness’ and ‘lowness’ of pitches are not figurative, 
associative, terms, but' are intrinsic characteristics of the notes. Thus, while he dis- 
misses the claims of those who consider music to be merely the expression of extra- 
musical emotions, his view-point is much broader than that of the pure formalist 
such as Hansliok. There are also interesting sections on previous aesthetic theories, on 
quarter-tone music, and a devastating demolition of the so-called tests of musical 
talent. 


The Physical Mechanism of the Human Mind. By A. C. Dovatas. Edinburgh: 
Е. and В. Livingstone. 1932. Pp. ix + 251. 15s. 

The aim of this book is “to demonstrate that by taking full advantage of the latest 
advances in physiological knowledge the gaps left by Associationism may be filled, the 
criticisms and requirements of Gestaltism may be met, and a complete scientific theory 
of Mind may be presented upon the materialistic basis which Behaviorism rightly 
demands." Dr Douglas therefore discusses а wide range of questions in neurology, 
psychology and philosophy. The most important part of the book is that dealing with 
the physiological mechanism of such processes a8 perception and association, but the 
treatment of these topics is too brief to be adequate, and it is not always clear where 
observed fact ends and speculation pe . 

Dr Douglas writes agreeably and the book is well produced. 
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The Science of Man in the е By E. А. KIRKPATRIOK. London: Kegan 
Paul, Trench, Trübner and Co., Ltd. 1932. Pp. ху + 396. International 
Library of Psychology. 15s. net. 


The scope of this book can best be indicated briefly by giving its chapter headings. 
These are: Nature and Methods of Science; Man as an Inhabitant of the Earth; Varieties 
of Human Species and their Modes of Living, or Anthropology and Ethnology; How 
Life is Preserved, or Physiology and Hygiene; Improving the Human Species, or 
Eugenios and Euthenios; Avoiding Waste, or Economics; Means of Control, or Political 
Science; How Man Behaves, or General Psychology; Personality Differences, or 
Individual Psychology; Behaviour in Relation to О. or Social Psychology; 
Organised Group Living, or Sociology; Changing Human Beings, or Education; 
Man and the Unseen World, or Religion; Regulation of Human Interaction, or Morals; 
Man, the Master of Life, Developing a Science of Ethical Living. It will be seen that 
an immense range is covered. Hence the discussions are bound to be of a very general 
nature, and every specialist will tend to be left somewhat unsatisfied concerning the 
treatment of his own particular field. Nevertheless the writing is almost uniformly 
pleasant, tolerably concise and not over-d tic, and the book is a very good one for 
poe reading. Much of it almost inevitably seems to be a statement of the obvious, 

ut the whole should serve the purpose for which it was written and help & reader to- 
wards в general orientation in relation to the various related sciences which lead up 
to or with the development and control of human behaviour. Every chapter has 
an appendix suggesting further more specialized reading. The choice of books of a 
more specialist nature is judicious, though most of the authors recommended are 
American. On the whole Mr Kirkpatrick has succeeded excellently in his aim and has 
produced readable and useful survey. 


The Affective Consciousness. By Hatpert Hars Brrran. New York: The 
Macmillan Company. 1931. Pp. ix + 391. 15s. net. 


The author of this book gives a descriptive treatment in popular language, without 
much resort to theory, of the development and differentiation of the emotions from 
the primary affective states of pleasure and pain. He stresses the vital importance 
and the impellent effect of the emotions in the adaptation of man to his environment. 
The simpler emotions are dealt with straightforwardly and clearly, if a little obviously. 
But we cannot feel that much light is thrown upon those difficult topics, the so-called 
ethical, religious and aesthetic emotions. . 


The Laws of Human Nature. By Raymonp H. WHEELER. Contemporary 
Library of Psychology. London: Nisbet and Co., Ltd. (Cambridge Univer- 
sity Press.) 1931. Pp. xiv + 232. 5s. net. 

The author of this book has drawn up & system of eight laws of nature which are 
said to regulate both physical and biological events. He stresses the universal bearing 
of configurational principles and the importance of organized wholes in human be- 
haviour. Too much space, however, is devoted to physical systematization, and the 
treatment of psychological phenomena, though interesting and suggestive as far as it 
goes, is thus necessarily somewhat superficial. 


The Mind in Action. By A. CAMPBELL GARNETT. POEM Library of 
Psychology. London: Nisbet and Co., Ltd. (Cambridge University Press.) 
1931. Pp. xii 4- 226. 68. net. 

This thoroughly sensible and well-written book deals olearly and straightforwardly, 
if without any great originality of thought, with the conative aspect of consciousness, 
and with the various theories of instinct and sentiment. The treatment of the problem 
of values is necessarily brief, but not so superficial that the student, as well as the non- 
technical reader, may not derive interest and instruction from it. 
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Psychology and Profits. By Donar А. Largp. London: Williams and Norgate, 
Ltd. 1932. Pp. 176. 6s. net. 


A few interesting observations are embedded in this mass of clichés and disconnected 
chit-chat; but it is difficult to see the object of publishing such a book. 


The Unconscious in Гаје and Art. Ву S. HERBERT. London: George Allen and 
Unwin, Ltd. 1932. Pp. 252. 6s. net. | 


This book is made up of eight essays on the following topics: Reason and Un- 
reason; Psycho-analysis and Sex; Psycho-analysis and ied Life; The Self and 
Society; The Genesis of Conscience; Symbolism; Phantasy and Thought; The Romantic 
Spirit. As will be guessed from these titles the author writes as a convinced psycho- 
analyst. While they have nothing very new to say the essays are uniformly interesting 
and are very clearly and pleasantly written. They are, moreover, entirely free from 
difficult technical detail, and can be read, no doubt to his enjoyment and profit, by 
any discriminating reader, whether he profeases to be & psychologist or not. What- 
ever may be thought of the positive doctrines advanced, some of the criticisms of 
other writers are interesting and shrewd. 


Invertion and the Unconscious. By J. M. Monrmasson. Trans. with a Preface 
by Н. S. Harrretp. London: Kegan Paul, Trench, Trübner and Co., Ltd. 
1931. Pp. xxiv + 333. 15s. net. 


This book is one of the International Library of Psychology. It is concerned with 
the unconscious in the older fashioned sense, ав ‘‘the residue of a consciousness which 
has reached its minimum of attention." There are two parte: the first concerns the 
Domain of the Unconscious in the Sciences, and the second the Genesis of Invention 
under the Influence of the Unconscious. The anthor believes that at every stage of 
constructive thinking the unconscious, in his sense, prepares the way for conscious 
realization and elaboration. No intellectual reaction is merely cognitive; it is affective 
and conative as well and in all three of its characteristics the unconscious has its 
essential part to play. Many and diverse illustrations are given, but more stress is 
laid upon the fact of unconscious interplay than upon the manner in which it is active. 
The book has much to say that is of interest though in style it is rather scrappy, and at 
the same time rather wordy. Certainly the material that it presents by way of illus- 
tration provides numerous difficult but fascinating problems. 


The Case of Mrs A. By ALFRED ADLER. Individual Psychology Publications, 
No. 1. London. 1931. Pp. 48. 2s. net. 


Anorexia Nervosa. Ву W. Lanapon Brown, F. Q. Скоокзнамк, J. С. Youna, 
Сковав Gorpon and B. C. Bevan Brown. Individual Psychology Publi- 
cations, No. 2. London. 1931. Pp. 63. 2s. 6d. net. 


Individual Psychology and Sexual Difficulties. By ALFRED ADLER, RUDOLF 
Drerkuss, ERwin Wzxszna, FRAU Dr Hznvar, J. С. Youne and Е. Q. 
CROOKSHANK. Individual Psychology Publications, No. 3. London. 1932. 
Pp. 70. 2s. 6d. net. 


Individual Psychology and Psychosomatic Disorders. Ву W. Lanapon Brown, 
О. Н. Жоорооок, J. С. Youna, В. Vers Pearson, М. B. Ray, M. Ross 
and Е. С. Своокзнамк. Individual Psychology Publications, No. 4. 
London. 1932. Pp. 69. 2s. 6d. net. 
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Individual Psychology and Social Problems. By ALFRED ADLER, W. B&ran 
Wo rs, С. L. C. Burns and J. C. Youna. Individual Psychology Publi- 
cations, No. 5. London. 1932. Pp. 60. 2s. 6d. net. 


These monographs, all published by the C. W. Daniel Company, are quarterly 
publications of the Medical Society of Individual Psychology, and are devoted to a 
discussion and exposition of problems of conduct along the lines initiated by Alfred 
Adler. They deal with a great variety of topics, though, as a rule, not-very fully with 
any one problem. They are generally clear and attractively written, and though they 
are of the nature of propaganda for a particular point of view, they contain much that 
will both interest and help the ordinary reader. : 


On the Nightmare. By Ernest Jones. London: The Hogarth Press and the 
Institute of Psycho-analysis. (International Psycho-analytic Library, 
No. 20.) 1931. 21s. net, А 


Discounting the old popular view that nightmares were soxual assaults on вор 
of lewd demons which were strongly resisted by the victims, and the ‘current medical 
view’ which ascribes them to physiological disturbances, Dr Jones shows that the 
origin of the nightmare—the three cardinal features of which are agonizing dread, 
sense of oppression or weight at the chest which alarmingly interferes with respiration, 
and conviction of helpless paralysis—lies in the repressed incestuous desires of the 
dreamer. He goes on to show what an enormous influence dreams, and especially 
terror dreams, have had on the elaboration of various beliefs, of the ideas of fabulous 
or disreputable supernatural beings, of witches and vampires, of werewolves and of the 
devil, though the actual formulations of the superstitions were influenced by many 
factors, chief among which were certain features in the attitude of the church. The 
almost universal beliefs in & soul that survives death, and in a deity; apparently have 
the same origin. "It is hard,” Dr Jones says, “to avoid the conclusion that religion is, 
in its essence, one of the means...of helping mankind to cope with the burden of 
guilt and fear everyone inherits in his unconscious from. . .the primordial conflict over 
incest.” ` 

In addition there is an excursion into etymology—Mare and Mara. 

A most erudite, yet eminently readable book, it is a distinct contribution to psycho- 
analytical literature and one which those who are not psycho-analysts can enjoy. 


The Technique. of Psycho-Analysis. By Hans von Наттіхавева. Trans. by 
A. Етолвт. London: The C. W. Daniel Co. 1932. Рр. 136. 5s. net. 


On the whole this should prove a useful book. It gives a readable and intelligible 
account of psycho-analytic procedure, and at the same time is not very narrowl 
tied down to the views of any partioular school. There is no doubt a danger that 
such accounts may lead to unskilled treatment by amateurs, but the undesirability of 
this is clearly stated, and fairly definite indications are given of the sort of training 
that is necessary and possible. х 


Personality and Social Adjustment. By Евмезт В. Groves. 2nd ed. London: 
Longmans, Green and, Co., Ltd. 1931. Pp. xi + 363. 7s. 6d. net. 


This book gives a popular and somewhat unscientific account of the bearing upon 
sociology and education (in the broader sense) of recent findings and theories in the 
psychology of the emotions and conative tendencies. Particular attention is paid to 
methods of building up character. This second edition differs from the first ohiefly in 
its treatment of the instincts; this category of behaviour is now regarded as much 
more limited in its extent than was formerly supposed. 
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Homicide in the United States. Ву H. С. BREAmLEY. University of North 
Carolina Press. (London: Humphrey Milford.) 1932. Pp. х + 249. 
17s. 6d. net. 

Dr Brearley has produced an extremely clear and well-analysed study. He has 
collected extensive statistics and he presents the facts with a minimum of well-directed 
‘comment. The general homicide rate ih the United States is very high compared with 
that of other countries, but its very uneven distribution may readily lead to false im- 

ressions in regard to certain areas. Many causes have been assigned for the relatively 
igh rate and these are briefly reviewed and discussed. Very interesting sections deal 
with "gang slayings,” “negro homicide,” and ''seasonal variations in homicide.” 

Many tables are given and there is & most useful bibliography. The book will be of 

great service to the social worker everywhere. | 


A Study in Aesthetics. By Мптох H. Втвр. Harvard University Press, 
(London: Humphrey Milford.) 1932. Pp. x + 117. 5s. 6d. net. 

An introduction dealing with ancient and modern aesthetic theories and experi- 

menta leads up to an account of some interesting drawing experiments. The aut or'8 

eneral problem was to investigate the relation of intelligence to ability in drewing. 

e presents evidence of в itive relationship and draws some conclusions with 

regard to the methods that should be adopted in teaching children to draw. The treat- 
ment throughout is competent and concise, especially in the introductory sections. 


Atti del VII Convegno di Psicologia mentale e pstcotecnica, tenuto in 
Torino, Novembre 1929. Bologna: Nicola Zanichelli. 1932. Pp. 234. 

These proceedings, published by the Italian Psychological Society, contain ab- 
stracts of forty-eight papers. Nineteen of these deal with problems in general psyohol- 
. ogy, most of them, but not all, of an experimental nature. Nineteen of them concern 
applied psychology, mainly in educational and industrial fields. Five discuss roblems 
* of abnormal psychology, and the rest are on diverse topics and are unclassified. The 
whole is в witness to much well-directed psychological activity in Italy. 


The Mind: A Key to the Interpretation of Psychical Phenomena. Ву G. Е. 
Винвивакв. Published by the Author: Phoenix, Maryland. 1931. 
Pp. 214. Д 
The author claims that this book has bean inspired by his dream experiences. It 
does not, however, contain anything very novel. A dream is a reaction to a stimulus 
directed by suggestion. This general notion is expounded and applied to numerous 
phenomena of abnormal psychology. 


The ү Group Intelligence Test. Ву ©. Ртаве УҮпдтамз. London: 
9. Harrap and Co., Ltd. 1932. Рр.4. 64. (5s. for 25). 
The teste included are: (1) perception of difference with words; (2) perception of 
difference with digits; (3) analogies; (4) pattern; (5) classification of letters and forms. 
No norms are given. 


La Philosophie de Fontenelle ou le sourire de la Raison. Par J. В. Carri. Paris: 
Félix Alcan. 1932. Pp. 705. 70 fr. 
This is a most excellent, clearly expressed and well-arranged study. Any psychol- 
ogist will read with pleasure and profit especially the second part of M. Carré’s 
ition. For here Fontenelle’s reflections on human nature are set forth. The 
warm. belief in the significance of human reason which in no way leads Fontenelle to 
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overlook the basic importance of the emotional side of life is an excellent corrective 
for many of the one-sided views prevalent to-day. The topics dealt with here are: the 
whole man; the passions; геазоп and instinct; the history of reason; the functions of 
reason; the gateway of reason, and finally M. Carré discusses the probable sources of 
Fontenelle’s views. The rest of the book is more philosophical, less psychological. The 
writing throughout is most clear and scholarly. 


Fontenelle: De P Origine des Fables. Édition Critique, avec une introduction, 
des notes eb un commentaire. Par J. В. CARRÉ. Paris: Félix Alcan. 1932. 
Pp. 104. 20 fr. 
Fontenelle’s essay, first published in 1686, raises a number of psychological points 
which are still of great interest, and this carefully edited and annotated edition will be 
found of considerable value by the psychologist with a taste for historical research. 


Old Beliefs and New Knowledge. By Упладм Воззвы.. London: John Bale, 
Sons, and Danielsson, Ltd. 1932. Pp. vi + 208. 6s. net. 


This is in the main a very condensed comparative study of the development of 
religious beliefs. There is not & great amount of psychology in it, and what there is is 
mainly built upon the view that “Palaeolithic man with the big brain showed the 
posseasion of three brain areas, namely, (1) the mechanical, (2) the organizing, (3) the 
artistic and the psychic. All the developments of religious belief are due to the 
functioning of the third ‘area.’” 


The Activity Movement. By CLYDE HissoNa. Educational Psychology Mono- 
graphs, No. 30. Baltimore: Warwick and York. 1932. Pp. ix + 122. . 
$2.10. . 

By “the activity movement" is meant the tendency which has overspre&d much 
current educational practice of attempting to allow the greatest possible freedom to 
the individual child. es of activity schools are discussed, the basis of the movement 
in Rousseau’s views is considered, and an attempt is made to determine the significance 
that must be placed upon ‘freedom,’ both as an idea and as a practice, in modern 
education. In general the book tries to show the philosophic foundation and also the 
probable development and value of “һе activity movement.” 


Twenty-Five Years. A Memorial Volume in Commemoration of the Twenty-fifth 
Anniversary of the Vineland Laboratory: 1906-31. Edited by Epaar A. 
Dorr. New Jersey: The Training School at Vineland. 1932. Рр. 135. 

Various workers here give an account of the work attempted and achieved in the 
study of the feeble-minded at the Vineland Institution. The whole is dedicated to 

Dr Henry H. Goddard. A bibliography of the publications of the Laboratory is given. 


El Amor y El Genio. Por Cantos SFoNDRINI. Madrid: Poblet. 1932. Pp. 332. 
10 pesetas. 


The author of this considerable monograph is a professor of philosophy at Buenos 
Aires. The book deals comprehensively with love as в factor in the intellectual life of 
man. The firat part is largely physiological and deals with human sexual reactions 
mainly in their relation to outetanding intellectual activity. The second part consists 
of & prolonged, but interesting study of the psychology of love. The third pri con- 
siders the main conclusions already arrived at in relation to the life and productivity 
of the genius. The whole is a serious and sustained attempt to discover the parts played 
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by love in the life of man, both in its normal and in its perverse expression, and to 
show why, in one form or another, love has often been of predominant importance in * 
the life of the man of genius. The author has been influenced mainly by Italian and 
French writers. 


Modern India Thinks. A Symposium of Suggestions on Problems of Modern 
India. Compiled by Kusnavsrx В. Luoxampas. Foreword by Kanatva- 
Lat H. VAKIL. Bombay: D. В. Taraporevala Sons and Со. 1932. Pp. xix 
+ 298. Ев. 6. 

This book consists of a large number of quotations, many of them very brief, 
setting forth some of the views of contempo Indian thinkers on: Civilisation, 
Culture, Religion, Aesthetics, Ideals, Education, Work, Wisdom, Charaoter, Nation- 
Building and Social Service. The collection may be of some service to the social 
и who is interested in contemporary groups, but he will find interpretation 
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VICTORIA HAZLITT, 1887-1932. 


- Bv A. W. WOLTERS. 

Da Hazurr came to the study of psychology by way of philosophy. 
Her student years were spent at Bedford College, London, and after 
graduating in 1910, she obtained in 1912 an appointment in the State 
University of Colorado. Returning from America in 1914, she joined the 
staff of Bedford College, where she continued to work until her death. 
She was a gifted teacher who exacted a high measure of endeavour alike 
from her pupils and herself. Her teaching experience was enriched by 
the conduct of extra-mural classes, and, always ready to obtain psycho- 
logical material from every side, she profited by the wider contacts 
which this work entailed. Psychology was for her no cloistered academic 
pursuit. An enthusiastic worker in the laboratory, she knew equally 
how to find data in the observation of a group of labourers at work. 
Psychology meant to her the study of real human beings, rather than of 
the artefacts around which psychological literature has too often centred. 
Further, having devoted herself to the prosecution of the science, she 
interpreted generously the responsibilities of her calling, and was ready 


` ^ - 10 serve at all times and in any manner. It is proper to recall here the 


services which she rendered to the British Psychological Society. She 
was for many years a member of its Council, and acted for some time 
as secretary of the Committee for Research in Education. To the affairs 
of the Bociety she gave her time and ability fully (she could not give 
otherwise) and her practical common-sense served it well. 

Her first published work, “The Acquisition of Motor Habits” а), was 
a study of animal behaviour which revealed her gifts for patient investi- 
gation and for the interpretation of results. She gave here the first 
indication of her general psychological outlook in a vigorous rejection 
of any quasi-mechanistic theory of learning. She regarded the pro- 
cesses of animals’ learning as being thoroughly continuous with those of 
human beings, and as revealing intelligence and insight comparable with 
those of man. Consistently with this view she was prepared to ascribe 


.‹% the transfer of skill shown by rats to a factor which, however lowly and 
“+ indeterminate it might be, must be termed ideational. The readiness of 


‘the trained rate to deal with the problem presented by a new maze 
J. of Psych. xxu. 3 14 
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showed, she held, an appreciation of the general situation which must 
depend upon a consciousness of meaning, and this, since it goes beyond 


| А `` limmediate sensation, can and should be called ideation. To interpret 
', their behaviour thus did not mean that № was necessary to ascribe 


explicit conscious process to the animals, for even in man ideation is not 
to be identified with conscious processes. At a later date she turned 
to account her experience of the pitfalls encountered in the study of 
animal behaviour in an article criticizing later experimental work @). 

Dr Hazlitt carried her analysis of mental process considerably further 
in her book on AbilityG) (for which she was awarded the degree of 
D.Litt. in the University of London). Here she advanced views which, 
though related to current discussions, presented certain original charac- 
ters. Taking intelligence to be the “problem solving organization,’ she 
distinguished two factors in intelligent activity, the ‘drive,’ and the 
‘evocation of relevant elements.’ Thus she emphasized the conative aspect 
of intelligent behaviour, and suggested that the so-called special abilities 
were, in fact, only hypostatizations. The observed fact is the degree of 
success in a given field. It was Dr Hazlitts view that the differences 
shown by an individual in several fields of activity were consequent upon 
differences in the material involved. The apparent existence of a special 
capacity is to be accounted for by the possession of adequate previous 
experience in that sphere, together with strong conative tendencies in 
relation to it. The cognitive material is acquired by reason of such 
tendencies, and in return shapes and directs them. If there are special 
factors leading to the successful handling of problems in one sphere 
rather than in another, they are to be sought on the side of instinct and 
affect. On the cognitive side there is one factor only, and this is perfectly 
general, though varying in degree from one person to another. This 
factor, through which the available mental material is rendered service- 
able, she identified with the ‘degree to which experiences are confluent.’ 
With homely but telling examples the author sought to show that the 
organization of tendencies upon which efficient behaviour depends is 
brought into being by the reciprocal interaction of more elementary 
experiences. Similarly, the relevant organization becomes operative 
through a synthesis of itself with the task. “There seems a perfect de- 
termination of what is brought to bear by the exact form and detail of 
the immediate situation. This determination is, of course, always in 
relation to the past experiences and their integration*.” The whole 
resultant from confluence or integration is not explicable entirely by 


1 From a letter of Maroh, 1932. 
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enumeration of the components and their relations, since in entering into 
relation the elements modify each other. In her resolute rejection of : 
_ ‘every type of psychological atomism she was in sympathy with -the ` 
` Gestalt school, but did not commit herself to their views. She studied 
current theories closely, and learned from them without submitting to 
them. In general she suspected elaborate theoretical constructions which 
went far beyond observed fact. Her views are in the line of descent 
from Ward and Stout, from whom she probably learned more than from 
later German writers. 

The extent to which integration of experience is possible is deter- 
mined from birth, and is not susceptible of increase by training or by 
age. The advance in capacity which is shown by mental tests applied 
at successive ages is due to the maturation of experience. Consequently, 
the results of the tests can only be taken as measures of general ability 
when the experiences of the subjects tested are comparable. But the 
growth of experience depends upon conative and affective factors. There- 
fore, within the field of the test material we are measuring the efficiency 
of the total individual, but efficiency is dependent upon environmental 
conditions as well as upon innate factors. In this way Miss Hazlitt 
endeavoured to give a coherent account of mental testing which should 
cover both its strength and its weakness. 

Her book arose from an attempt to construct a series of tests to be 
applied to undergraduates when entering the university, with a view to 
discovering the most profitable course of study for each. Although the 
results were interesting and promising they failed to satisfy her exacting 
requirements. With characteristic courage and decision she abandoned 
the work on which she had been so long engaged, and turned to a field 
which she considered to offer more hope of solving the problem of in- 
telligence, the field of child psychology. This did not indicate any real 
change of interest, for she regarded psychology as a unitary whole, and 
turned to child psychology as the most fruitful department for genetic 
study. The wide extent of her knowledge, her capacity for criticism, and 
her loyalty to empirical methods, were shown in further publications (4, 5), 
but the accident of last April prevented her from reaping the reward of 
long and patient endeavour. Dr Hazlitt had already rendered substantial 
service to English psychology, but the full measure of her powers had 
still to be displayed, and her most important work remains undone. It 
is hoped that it may be possible to publish later the completed sections 
of the book upon child psychology upon which she was engaged. 

She bore her learning lightly, and was slow to obtrude her views on 

14-2 
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others: she was incapable of self-assertion. But she jealously preserved 
her independence of judgment. She had retained her interest in philo- 
sophy, which coloured her psychological views and led her to insist upon 
the organic unity of the individual as the fundamental fact of mental 
life. Philosophical and psychological views reflected the personality of 
one who found interest in many aspects of life. Her deep sense of values 
was balanced by a lively humour, and the tolerance and sympathy which 
flow from these traits marked all her relationships. These were the 
qualities which made her friendship so richly valuable. 
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THE PERIPHERAL PERCEPTION OF MOVEMENT. 


By M. D. VERNON. 
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I. INTRODUCTION. 


Ir has been stated by Exner (5) that the periphery of the retina acts as a 
specially differentiated organ for the perception of movement. It is 
indeed a matter of common observation that a moving object seems to 
stand out with special clearness when it appears in the peripheral visual 
field; moreover, it arouses an immediate tendency to turn the eyes in 
that direction, a tendency often emotionally toned with surprise and even 
fear. Yet it has been shown by Basler 2) and Ruppert 4) that the thres- 
hold for movement, that is to say, the least discriminable distance moved, 
is actually greater in peripheral than in central vision. On the other 
hand, Exner (6) found that in peripheral vision movement could be per- 
ceived over a distance less than the least distance separating two 
stationary points which could be discriminated from each other. 

The decrease in visual acuity in passing from the central to the peri- 
` pheral retina is caused in some part by the summation which has been 
shown by Отар (т) to occur in the latter, probably as a result of the 
synaptic convergence of the neurones from the receptors (and also, of 


м 
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course, in part by the fewness of the receptors, and by the distortion 
produced by the lens). This summation, however, tends to favour the 
perception of & moving object, as has been shown by Sherrington with 
the scratch reflex 15), and by Adrian (1) in the eye of the conger-eel. For 
if a subliminal stimulus is applied’at one point, and a second subliminal 
stimulus shortly afterwards at another point close to it, the two will 
summate and produce a supra-liminal excitation. Consequently a move- 
ment between two points is perceived when neither point could be 
perceived alone when stationary; and a movement between two points 
can be discriminated, although the two points when stationary cannot be 
discriminated. Moreover, it has been shown by Adrian) that when the 
eye is stimulated, the excitation rises rapidly to a maximum and then 
falls to a lower, steady level. But if the point of stimulation changes 
sufficiently rapidly, the excitation will always be at its maximum. 
Consequently the excitation produced by a moving supra-liminal stimulus 
will always tend to be greater than that produced by a stationary 
stimulus of the same intensity. 

Thus it seems easy to understand why peripheral movements are 
relatively clear, while peripheral form percepts are blurred, vague and 
indistinct. But under normal conditions the peripheral movement per- 
cept must compete in consciousness not so much with the peripheral 
form field, but with the central form field which is clearly seen, and is in 
general at the focus of consciousness. How, then, can we explain this 
sudden irruption in consciousness of the peripheral movement percept, 
overthrowing the habitual dominance of the central form percept, and 
assuming, momentarily at least, the focal position? . 

То examine this conflict between peripheral movement perception 
and central form perception, a series of experiments was carried out in 
which a moving object and a stationary form were exposed simultaneously, 
the former in the periphery, the latter at the centre, of the visual field. 
The experiments were во designed that neither the forms nor the move- 
ments could in general be perceived accurately and easily; and it was 
hoped that some light would be thrown upon the conflict in consciousness 
by the effects upon accuracy of perception. Further series of experimenta 
were carried out upon simultaneous central movement and peripheral 
form perception, simultaneous central and peripheral movement per- 
ception, and simultaneous peripheral form and movement perception; 
and the effects upon accuracy in the latter series were contrasted with 
the effect in the former. 
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II. DESORIPTION OF EXPERIMENTAL METHOD. 
(1) Apparatus. 

The apparatus used in these experiments consisted essentially of a 
vertical semicircular screen of white cardboard, 6 ft. in diameter and 
20 in. high. This is shown in horizontal section at SS in Fig. 1. The 
subject sat with his chin upon a chin rest R, facing the centre of this 
screen, at which was a fixation point P illuminated from behind. A 
bright form and a moving line could be presented at any point on this 
. screen, at a height upon it level with the subject’s eyes. To produce 
these forms, light from an 80-watt pearl lamp K passed through a 
photographic shutter 7 to a framework, shown in front elevation in 
Fig. 2. This carried two portions of opaque lantern slide Р, and Р,; 
upon the former was scratched a vertical line, and upon the latter a 
form or design. The light transmitted through these slides was focused 
by lenses L and L4 and reflected by the rotating mirrors M, and M, to 
produce bright images of the form and line in the required positions upon 
the screen. 





The movement of the line was produced as follows. The photographic 
slide Р; was fastened to a rigid frame АА (Fig. 2) which could slide hori- 
zontally along rods О, and O,. Also sliding along О, was a bar В, attached 
to the rotating wheel W, from the circumference of which were suspended 
two weights E, and E,; E, was slightly heavier than #,. A second bar B, 
attached to the wheel rested upon a support С; and a third bar В, joined 
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to this support projected horizontally to rest upon the catch which 
opened. the photographic shutter. Thus when the support C was released, 
the photographic shutter opened, and the wheel was released and was 
rotated by the weights in an anti-clockwise direction; the bar B, moved 
along the rod O,, and moved the framework AA and the slide F, from 
right to left. The length of the movement was regulated by a stop D, 
the position of which was measured on the graduated glass screen G. 
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Fig.2. 


This horizontal movement of the line scratched on the slide F, was 
altered into a vertical movement on the screen by placing a right-angled 
prism J (see Fig. 1) in the path of the beam of light. 

The stationary form F, was held in position on the bar B,. In the 
experiments in which two moving lines appeared, F, was removed, and 
another piece of lantern slide with a vertical line scratched upon it was 
fixed side by side with F,. A second right-angled prism was inserted in 
the corresponding position to J. Both eyes were used throughout the 
experiments, but the peripheral object could only be seen by one eye. . 

The illumination of the screen was kept constant at 0-35 foot candles 
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Table I. Illuminations and dimensions of test objects. | 








f TN 
Forms Moving line 
= XXX 
Illumination Thickness of Thickness of 
in f.o.s. of Extent lines Length es 
M MÀ a А 
Moving An- in An- in An- 
Series Forms line Linear Angular om. gular ош. gular om: gular 
1(а 0-6 10 
1(5)* m 1o! 1-60 56’ 010 4 275 1°43 025 9 
08 
т” P6 uare 3-4 — 2^8 
К in 1-0 Shall 010 4 275 1248’ 025 9 
100 0:8 circle 06 23 
Central — = — — 150 56 010 4 
11 
2 | Peripheral = = — — 275 14% 0-25 9 
0 
3 10 11 3-4, 9-45, 2°8',1°32’, 0-25 9’ [150 56 010 4 
4 1-0 10 1-65 1? 2 2-15 1°43 095 9’ 
Rectangle 
5 1-65 1-0 0 3*8' | 040 4 275 1°43’ 095 9 
Small square 
0-7 26° 


* Tt was necessary to vary the illumination of these forms to compensate for the varying visual acuity 
of the subjeots. x 


throughout; the lines and forms were brighter (see Table I). The vali of 
the room above the screen was illuminated by & hidden source of light, 
and gave a brightness at the eye of 49 millilamberts (assuming the 
screen of the luxometer to reflect 80 per cent. of the incident light). 


(2) Experimental series. 
Five series of experiments were carried out as follows: 


1. (a) Forms!. Forty small, conventional, fairly complex, outline forms, exposed 
for 1/6 sec., at the centre of the fleld?. Presented simultaneously with 
movements. 

Movements. Movements of horizontal line of from 0 to 4 cm. (2-5?) at 60° and 
40° left and right of fixation point. One series of movements each presented 
simultaneously with a form; one series without. 

Rate of movement about 15° per sec. throughout. 
(b) Forms. Forty similar to those in I (a). 
Movemenis. 0 and 4 ст. movements only. Positions as in 1 (а). 
1 Dimensions and brightnesses of forms and moving line given in Table I. 
? During the earlier experiments of Series 1 (a) and 3, the subjects were required to 
describe the forms; but later it was found more convenient for them to draw them. 
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(c) Form. A square subdivided by horizontal and vertical lines into nine smaller 
. squares; eight of these contained still smaller squares, and one a square ог 
`a oirole. The circle could be exposed in each of the nine possible positions 
except the central one. Exposed for 1/5 sec. at the centre of the field. 
One series with, one without, movements. 
Movements. As in 1 (а). 
(d) Form. As in 1 (c). 
Movements. As in 1 (D). 


2. Forms. None. 
Movements. Movements of one horizontal line of from 0 to 4 ош. at the centre 
of the field, and of a second horizontal line, through equal distances, at 
60? and 40? left and right of fixation point. Exposed both simultaneously 
&nd separately. 


3. Forms. Ten conventional, simple, outline forms (e.g. square, triangle, eto.), each 
presented in three different sizes. Five of these forms presented for 1/5 вес. ' 
at 60°, 50°, 40°, 30°, 20° to the right of the fixation point, and five presented 
in the corresponding positions on the left. 

Movements. Movements of from 0 to 4 cm. at centre of the field. One series 
with, one without, forms. 


4. (a) Forms. The same as in 31, slightly differently arranged, presented for 1/5 вес. 
at 40° and 30° left and right of fixation point. 

Movements. Movements of from 0 to 4 em. at 60° right and left of fixation 
point, on the same side of the field as the forms. One series with, one 
without, forms. 

(b) Forms. Similar to those in 4 (a), but presented on opposite side of the field 
to the moving line. 

Movements. As in 4 (a). 


5. (а) Form. A rectangle divided into four equal rectangles, each of which was 
further divided into an irregular reticulate pattern, containing within it one 
regular square. Form exposed at the centre of the field until the subject 
perceived the square and reported in which of the four divisions it was 
situated. (Square sometimes not presented.) Time of exposure recorded by 
an electric marker, tracing on a drum. Form exposed sometimes with 
moving line, sometimes without. 

Movements. Movements of horizontal line of 0 and 4 ст. only, at 40° left and 
right of fixation point. Not more than one movement presented during each 
exposure of form. 

(b) Form. As in б (a), but square replaced by right-angled triangle. 

Movements. Line kept stationary, or moved through 4 cm. continuously, by 

hand, once per second during exposure of form. 


1 A considerable period of time elapsed between the experiments in Series 3 and 4, 
and the subjects did not recognize that they had already seen in Series 3 the forms shown 
in Series 4. 
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(3) Subjects. 6 
The subjects of these experiments were seven educated adults all 
working at the Psychological Laboratory. Two of these, Subjects 6 
and 7, took part in Series 4 and 5 only, and one, Subject 4, in Series 1 
and 8 only. 


ПІ. THE RESULTS OF THE EXPERIMENTS. 
(1) Central form and peripheral movement perception. 

The effects of central form perception and peripheral movement 
perception upon each other will first be considered. Table II and Fig. 3 
show the percentage number of forms and movements perceived correctly 
by each of the five subjects in Series 1 (a) and 1 (c) when both form and 
movement were seen, when movement was seen alone, and when form 
was seen with the peripheral line stationary. 


Table П. Effects of central perception of form and peripheral 
` perception of movement upon each other. 
No. of accurate judgments as percentage of all judgments 








Central form Peripheral movement 
P, 
Series 1 (a) Series 1 (с) Series 1 (a) Series 1 (с) 
А — fr = r о 
№ о 
move- Моуе- move- Move- With- With- 
Sub- ment ment ment ment out With out With 
ject seen seen Diff. seen seen Diff. form form Diff. form form Diff. 
1 94 91 3 100 78 12 84 67 17 89 66 28 
2 35 54 -19 39 43 -4 "7 6 7 81 59 22 
3 76 70 6 (33 65 -82) 81 77 4 89 98 -9 
4 94 92 2 61 57 4 74 58 16 79 73 6 
5 74 14 0 (35 60  -25) 60 45 15 68 64 4 


It is quite clear from Table II and Fig. 3 that the perception of 
central form was in no way impaired, in these series, by simultaneous 
perception of peripheral movement, except possibly in the case of 
Subject 1. Indeed, in the case of Subject 2, the central form perception 
in Series 1 (а) appeared to be improved. The reason for this seems, from 
his introspections, to have been that, when the line only made small 
movements, such as were rarely perceived, he was in a state of consider- 
able doubt and uncertainty, which prevented him from attending to the 
form, or caused him to forget its shape before it could be recorded. Clear 
and unequivocal perception of movement in the periphery removed this 
state of uncertainty, and allowed him to concentrate on the form. (The 
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form perception of Subjects 3 and 5 also appeared to be improved, in 
Series 1 (c), by simultaneous movement perception; but the number of 
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Fig. 3. 
cases in which they did not perceive any movement was so small as not 
to give a fair measure.) 
The effect of central form perception upon peripheral movement 
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perception was quite different. In every case, except that of Subject 3 
in Series 1 (c), fewer movements were observed when a centralform was 
presented simultaneously than when there was no central form. 

Quite clearly, then, when central forms and peripheral moving 
objects are presented simultaneously under these experimental con- 
ditions, 1 is in general the peripheral movement perception which is 
affected, rather than the central form perception. Nevertheless, one or 
two subjects reported occasionally that large movements in the periphery 
seemed to have a distinctly distracting effect upon central form per- 
ception. It was thought that, perhaps, if only a few large movements 
were presented to the subject, any effect produced by their perception 
might show up more clearly. Forms either the same as, or similar to, 
those given in Series 1 (а) and 1 (с) were presented with and without 
movements of 4 cm. in Series 1 (b) and 1 (d); and the results are shown 
in Table ПТ. Clearly, the effect of simultaneous peripheral movement 


Table ПТ. Effect of peripheral perception of large movements upon 


central perception of form. 
No. of accurate form judgments as percentage of all judgments 
Series 1 (5) Series 1 (d) 
No No 
move- Move- Move- Move- 
ment ment ment ment 
Subject seen seen Diff. Been seen Diff. 
1 77 76 2 92 89 3 
2 45 64 -19 75 92 -17 
3 58 64 -11 50 75 -25 
4 79 86 -7 74 80 - 6 
5 55 62 - 7 58 58 0 


perception was, in general, to enhance central form perception. It 
appears probable that when no movement was seen, there was a state of 
expectation which interfered with central form perception much more 


Table IV. Effect upon central form perception of an object in the 
periphery. 
` No. of accurate form judgments in Series 
1 (c) as percentage of all judgments 


Subject line line Diff, 
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effectively than did the actual perception of movement. If this state of 
expectation was removed by instructing the subject beforehand that no 
object would appear at all in the periphery, the number of central forms 
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perceived correctly increased appreciably, as may be seen from Table IV, 
with the forms of Series 1 (c). That is to say, the conscious attitude of 
‘being on the look-out for a movement’ definitely impaired the central 
form perception. But once the subject was actually ‘on the look-out’ 
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for a movement, either it made no difference to the form perception 
whether he saw the movement or not; or else seeing the movement 
actually improved central form perception by removing the conflicting 
attitude of ‘being on the look-out for a movement.’ 

Other such psychic factors may be adduced to explain the lack of 
interference of peripheral movement perception with central form per- 
ception. These will be described later, on p. 224; but we must first deal 
with the following retinal factor. When the central form was exposed 
for & short time only, the excitation was at its maximum for an appre- 
ciable fraction of the exposure, before sinking to its lower, steady state. 
Now it was shown above, on p. 210, that the effect produced by a moving 
stimulus was partly due to the fact that it aroused a maximum excita- 
tion throughout the movement, and thus interfered more definitely 
with form perception when the excitation aroused by the latter had 
diminished, as it would during the course of a relatively long exposure. 
Therefore in Series 5 (a) the form was exposed for a period of one second 
or more, according as to how long the subject took to locate the square 
within the complex figure. And the movement of the peripheral object 
was not presented at the very beginning of the exposure. The first half 
of Table V and also Fig. 4 show the total time taken to perceive the 


Table V. Effect of peripheral movement perception upon central 
form perception during a long exposure. 











With single movement With continuous movement 
ry Е ay $a ТЕГ ЫЛ ERES 
Time taken to perceive Time taken to perceive Time taken to perceive 
forms with no forms with moving forms with moving 
peripheral object as per- ^ peripheral object as per- peripheral object as per- 
centage of time with centage of time with centage of time with 
stationary object stationary object stationary object 
d A Y f as — 
lst 2nd Ist 2nd lst 2nd 
experiment experiment expəriment experiment experiment experiment 
Bub- ——— m —__+—_,, Á 
ject % Dif. % Dif. % Dif. % Dif. % Dif. % Dif. 
1 94 — 6 82 -I18 102 2 149 49 193 23 98 -2 


square when no peripheral object was exposed, and when the peripheral 
line made a single movement, both expressed as percentages of the time 
taken to perceive the square when the peripheral line was stationary. It 
will be seen that the results are very irregular. Occasionally the per- 
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ception time was greater when the peripheral line moved than when 
it remained stationary; but sometimes also it was greater when no 
peripheral object appeared atall. But the subject’s introspections showed 
that, in certain cases, at the beginning of the experiments, the movement 
perception caused considerable distraction; it occupied the centre of 
consciousness, excluding the form perception, both during the actual 
movement, and for a considerable period afterwards. But the subjects 
reported that they very soon became accustomed to this new experi- 
mental method. Hence the initial advantage of the form perceptions 
with the stationary line is swamped in the general results. 

In contrast to the earlier results shown in Table IV, no advantage is 
here observed for form perception in the absence of any peripheral object. 
This difference may be accounted for as follows. In Series 1 (c) the forms 
which were presented without any peripheral line made up в separate 
group, and the subjects were instructed beforehand that no line would 
appear in the periphery. In Series 5 (а) these presentations were scattered 
among the others, and no instructions of that kind were given. Thus the 
subjects were ‘on the look-out’ for a peripheral object which might at 
any moment appear and move. Consequently this state of expectation 
operated throughout to prevent the whole attention being given to the 
central form perception; and the time taken for this perception was 
equally slow and irregular whether the line appeared or not, and whether 
it moved or not. - 

In the second part of Table V and in Fig. 4 are shown the total times 
taken to perceive the triangle when the peripheral line was made to 
move continuously, expressed as percentages of the total times when the 
line remained stationary. It was thought that the effect of this continuous 
movement might be more marked than that of the smgle movement, 
since it occupied a larger fraction of the total time of exposure. During 
the first experiment with each subject the times for central form per- 
ception were in general considerably longer when the peripheral line 
moved than when it remained stationary; but this effect had in all cases 
disappeared by the second experiment. Clearly, then, the continuous 
movement, to which the subjects were unaccustomed, did at first exert a 
considerable effect upon the central form perception. But the mere fact 
of its frequent repetition set up a rapid process of habituation such that 
the subjects became completely accustomed to it. And in the second 
experiments, central form perception was more rapid when the move- 
ment did occur; for the movement perception then removed the un- 
certain state of ‘being on the look-out for a movement’ which was liable 
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to operate when no movement was seen, and to impair central form 
"perception. г 

Thus this series of experiments shows that central form perception 
is adversely affected by the appearance of something unusual or un- 
expected in the periphery. The subject, however, rapidly becomes 
accustomed to this appearance if it is frequently repeated; and then 
assumes an attitude of ‘being on the look-out for something in the 
periphery.’ This attitude in itself interferes with central form perception; 
this is shown by the two following observations: 

(1) There is no improvement of central form perception when no 
peripheral object is presented, unless the subject has been informed of 
this beforehand, and has in consequence not assumed this attitude. 

(2) When there is clear or continuous movement in the periphery 
which removes the attitude of uncertainty, central form perception may 
be more accurate than when the peripheral object remains stationary. 

Undoubtedly the effect of this attitude can be attributed to the 
division and distribution of the attention, which must now cover the 
whole visual field, instead of the centre alone. This finding agrees well 
with the observations of Grindley ((8), p. 47) that “the simultaneous 
exposure of other forms at other parts of the visual field decreases the 
probability that any given form will be accurately reported.” 


(2) Central and peripheral movement perception. 


It should be noted at the outset of this section that, in order to make 
some sort of correction for the relative phenomenal brightnesses of 
central and peripheral objects, the central line was made much smaller 
and narrower than the peripheral one. Unfortunately, owing to its 
narrowness, it now appeared so dim that it was often not observed by 
some of the subjects during long movements when it was moving 


Table VI. Effects of central and pervpheral movement perception 
upon each other. 


No. of correct movement judgments as percentage of all judgments 


Central movement Peripheral movement 
Peripheral movement Central movement 
Subject Not seen Seen Diff. Not seen Seen Diff. 
1 50 57 - 7 84 64 20 
2 50 59 - 9 71 65 6 
3 56 44 12 81 65 16 
5 47 56 - 9 60 68 - 8 
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throughout the exposure. Thus no conclusions can be drawn as to the 
comparative visibility of the central and peripheral movements; but 
the effects of each movement percept upon the other can be legitimately 
compared. This is done in Table VI and Fig. 5 for each of the four 
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subjects separately. Except for Subject 5, the effect upon the peripheral 
movement perception of simultaneous central movement perception was 
almost as great as that produced by simultaneous central form perception 
(see Table II and Fig. 3). Very little effect was produced upon the 
central movement perception by the simultaneous peripheral movement 
perception; if anything, there was an improvement of central movement 
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perception with simultaneous peripheral movement perception, just as 
there was some improvement of central form perception with simul- 
taneous peripheral movement perception. 


(3) Peripheral form and central movement perception. 


It is interesting to compare the above results with the effects of 
peripheral form perception upon central movement perception. It is 
of course well known that it is impossible to perceive small complex 
objects in the periphery. Consequently large simple outline forms were 
employed, of approximately the same dimensions and brightness as the 
peripheral line in the other series. The forms were graded in size, but 
unfortunately, owing to & faulby arrangement of the series, only the 
smallest of the three sizes gave comparable ‘movement’ and ‘no move- 
ment' judgmente (this mistake was not repeated in Series 4). The 
numbers upon which are based Table VII and Fig. 5 are thus rather 


Table VIL. Effects of central movement perception and peripheral 
form perception upon each other. 
No. of acourate judgments as percentage of all judgments 








Peripheral form Central movement 
— ны E и. а, ES 
No move- Movement Without With 
Subjeot ment seen Been Diff. form form Diff. 
1 71 56 16 68 59 9 
2 50 35 15 50 59 - 9 
3 35 38 - 8 56 44 12 
4 58 29 29 79 72 7 
5 56 28 28 64 60 4 


small But they show that the perception of both central movement 
and peripheral form were in general impaired by simultaneous pre- 
sentation. The peripheral form perception showed & percentage de- 
terioration greater than that produced in peripheral movement per- 
ception by simultaneous central form or movement perception. But the 
effect upon central movement perception was also larger and more 
consistent for all subjects than was the effect produced by peripheral 
movement perception. That is to say, peripheral form perception, 
admittedly a somewhat imperfect function of the peripheral retina, 
interfered to а greater extent with central movement perception than 
did peripheral movement perception. 

The non-interference of peripheral movement perception with central 
form perception, апа the interference of peripheral form perception 
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with central movement perception, when the latter was unaffected by 
peripheral movement perception, can be accounted for in several ways. 
It has been shown that the apparent non-interference and even enhance- 
ment of central form perception by peripheral movement perception was 
a result of the rapid habituation of the subject to the movement per- 
ception, and of his adoption of an attitude of expectation and divided 
attention. But it seems that peripheral movement and form perception 
have а. differentiated effect upon the division of attention. Apparently 
the subjects, though: rapidly becoming habituated to peripheral move- 
ment perception, were strongly aware throughout of the peripheral form. 
Thus there seem to have been certain factors at work which favoured 
form perception, as such, at the expense of movement perception, 
retaining the former at the centre of consciousness, whether or not the 
form was exposed at the centre or the periphery of the visual field. 

The introspections of the subjects show that these factors were: 
(1) the difficulty of perception and apprehension of the objects presented, 
(2) the interest aroused by the objects. It was, of course, necessary 
throughout the experiments to make the forms rather difficult to appre- 
hend; had they been completely cognized immediately, in all circum- 
stances, it would have been impossible to demonstrate any interference 
with their perception by simultaneous movement perception. Even when 
‘attributively clear’ (i.e. bright and easily visible), they were “ cognitively 
unclear’ (i.e. it was difficult to make them out and understand their 
meaning, form relationships, etc.) (Dallenbach(4). This difficulty 
aroused in the subject an effort at apprehension which served to keep the 
form in nearly every case at the centre of his consciousness, whether or 
not it appeared at the centre of his visual field. The effect of this difficulty 
upon simultaneous peripheral movement perception is shown by the fact 
that the number of peripheral movements perceived was smaller when 
the number of errors in central form perception was greater, i.e. when 


Table ҮШ. Effect of difficulty of perception of central form upon 


peripheral movement perception. 
No. of accurate judgments as percentage of all judgments 
Central form Peripheral movement 
уд 
Subject  Groupl Group 2 Diff. Group 1 Group 2 Diff. 
1 94 90 4 76 68 8 
2 70 35 35 76 59 17 
3 89 54 35 85 75 10 
4 96 90 6 61 63 - 2 
5 70 79 - 9 43 48 - 6 
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the difficulty of form perception was greater. In Table VIII the forms 
in Series 1 (a) were arranged in two groups, the first containing the rather 
simpler, the second the rather more complex forms. The number of 
correct judgments was greater in the first group both for central form 
and peripheral movement for Subjects 1, 2 and 3; while the number of 
correct judgments was less in the first group both for central form and 
peripheral movement for Subject 5. Thus in general the more difficult 
the subject found the forms the more mistakes he made in his perception 
of movement. Any difficulty in perceiving the movements, on the other 
hand, appeared to operate in the direction of increasing the interfering 
effect of the ‘по movement’ judgments (see Subject 2, p. 215). - 

Closely bound up with the factor of difficulty of apprehension was the 
second factor of interest. The subjects very rapidly lost all interest in 
the appearances of the moving line. On the other hand, it was of course 
necessary to change the forms frequently (since once fully cognized they 
were easily recognized even when only partly perceived). Consequently 
they always aroused a certain amount of interest. Some attempt was 
made to obviate this difficulty by substituting the pattern forms with a 
single variation employed in Series 1 (c) and 1 (d) for the varied forms 
presented in Series 1 (а) and 1 (Б). A comparison of the results for 
Series 1 (a) and 1 (c) in Table II, and of Series 1 (b) and 1 (d) in Table III, 
will show that if the effect of the central interest factor was reduced, it 
was compensated for by the effect of the greater difficulty of apprehension 
of these pattern forms. 


(4) Peripheral form and movement perception. 

One more series of experiments was designed to test the relative 
dominance of form and movement perception in the periphery. In so 
far as movement perception is a more important and a more adequately 
performed function of the peripheral retina than is form perception, it 
might be concluded that if stationary forms and moving objects were 
presented together in the periphery, the perception of the former would 
be greatly impaired, while perception of the latter would be at the focus 
of consciousness, and thus would be unaffected. In Series 4 (a) the forms 
used in Series 3 were presented peripherally, together with the moving 
line which appeared rather further out in the periphery. It is seen from 
Table IX and Fig. 6 that in general both form and movement perception 
were less accurate when taking place simultaneously than when carried 
on separately. Since the percentages of forms perceived correctly were 
much less throughout than the percentages of movements perceived 
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correctly, a better comparison of the effects of form and movement 
perception upon each other is afforded by considering the number of 
formsand movements perceived correctly when presented simultaneously, 


Table IX. Effects of peripheral form and movement perception upon 
each other (form and movement on same side of field). 
No. of accurate judgments ав percentage 


of all judgments 





No. of accurate 
movement judg- 


No. of accurate 
form judgments 


Form Movement with movement ments with form 

— ^^ ‚^_^ ав percentage of as percentage of 
No no. without move- no. without 

move- Move- With- ment form 

Sub- ment ment out With —_— 
ject seen seen Dif. form form Dif % Diff. % Diff. 
2 36 28 8 7 69 8 78 -22 9 -10 
з 33 22 1 92 79 18 67 -33 86 -14 
6 35 24 11 95 85 60 69 -31 37 — 63 
7 22 28 - 6 88 68 25 128 28 72 — 28 
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expressed as percentages of the numbers perceived correctly when 
. presented separately. This is done in the second half of Table TX. We 
see that for two subjects the percentage reduction of accuracy was 
greater for movement perception than for form perception; while for the 
other two subjects the reverse was true. Thus, clearly, in some cases, 
when the attention is divided between two simultaneous peripheral 
presentations, it is the form percept which retains the centre of con- 
sciousness; while the movement percept is relegated to the fringe. The 
greater clearness and phenomenal intensity of the movement percept 
are overbalanced by the difficulty and interest factors which are the 
accompaniments of form perception whenever attention is directed to- 
wards it. (Under everyday conditions, of course, attention is not 
normally directed towards the peripheral form field.) 

Though the subjects all reported that it was difficult to notice what 
happened to the line when the forms were also present, yet at the same 
time it was sometimes reported that perception of the movement de- 
finitely acted as a distraction from the perception of the form; and 
Table TX shows this effect clearly for three out of the four subjects. 
Thus we must conclude that the central position, as well as the nature 
of the object, is also a factor which favours dominance of any particular 
percept in consciousness. For form perception, when central, was un- 
affected by peripheral movement, but when peripheral was impaired; 
while it was-impaired to a greater degree by central movement than by 
peripheral movement although the peripheral line was much larger and 
brighter than the central one (cf. Tables УП and IX). 

Further evidence of the importance of the relative positions, as apart 
from the nature, of the presentations, is given by the results obtained in 
Series 4 (b). Here the forms were presented peripherally on one side of 
the field (i.e. to one eye), and the movements on the other (i.e. to the 
other eye). The peripheral angles and brightnesses of the forms and 
moving object were the same as in Series 4 (а), and the forms were 
similar, though not identical. Yet itis clear from Table X and Fig. 6 
that there was very little interaction of any kind between form and 
movement perception. Any effect upon form perception was equivocal, 
while movement perception was almost unaffected except in one case. 
Thus apparently when the two objects were sufficiently separated in 
space, and were presented to opposite eyes, there was practically no 
inter-action of any kind between their percepts. Thus, the nearer together 
in space the visual objects, the more difficult it was to distribute the 
attention; neither percept completely dominated over the other in con- 
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Table X. Effects of peripheral form and movement perception upon 
each other (form and movement on opposite sides of the field). 
No. of accurate judgments as percentage of all judgments 





Form Movement 
Sse 
No move- Movement Without With 
Subject ment seen seen Diff. form form Diff. 
2 24 31 —7 77 79 -2 
3 14 16 -1 92 88 4 
6 26 18 7 95 76 19 
1 48 48 0 88 90 - 2 


sciousness, nor could attention be equally divided between them. 
Hylan 10) considers that no such thing as an actual division of attention 
can occur; but various activities of consciousness alternate with each 
other with extreme rapidity. But it is difficult to explain in any other 
way the apparent lack of conflict between the two percepts on opposite 
sides of the visual field. The well-known phenomenon of retinal rivalry 
would seem to preclude the possibility of absolutely simultaneous per- 
ception of the two objects by the two eyes. But why should it be easier 
to switch the attention rapidly from one percept to the other when the 
two objects are far apart than when they are near together? The intro- 
spections of the subjects of these experiments throw no light on this 
dilemma, which must therefore remain unsolved. 


IV. DISCUSSION AND CONOLUSIONS. 


We must conclude from the foregoing data that the issue of the 
conflict between central form and peripheral movement perception is 
ultimately determined by the nature of these percepts. It was stated at 
the outset that movement perception possessed two advantages over 
form perception: 

(1) The nervous excitation produced by a moving object tends to 
be at a maximum, while that produced by a stationary object of equal 
intensity will sink to a lower, steady level. 

(2) In the peripheral retina the excitation produced by a moving 
object is enhanced through the process of summation resulting from the 
. synaptic convergence of the neurones from the receptors. On the other 

^x » hand, visual acuity, and hence accuracy of form perception, is greatly 
° "reduced in the periphery as a result of summation, and of the sparcity 
of receptors, and of distortion by the lens. 
In addition, a movement percept, and especially a peripheral move- 
ment percept, may in normal circumstances be sudden and unexpected, 
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emotionally toned and hence inherently interesting to the subject. Thus 
in everyday life the movement percept is likely to drive the form peroepe 
from the centre of consciousness. 

But it was shown in these experiments that the interest factor con- 
nected with the movement percept rapidly disappeared. Introspective 
‚ evidence of the disturbing and distracting effect of certain movements 
was given by some subjects. But all reported that this unexpectedness 
soon disappeared, and it seems that an attitude of divided attention was 
assumed, which has been designated as ‘being on the look-out for some- 
thing in the periphery’—or perbaps more correctly, as “being on the 
look-out for a familiar presentation in the periphery.’ This familiarity 
bred, if not contempt, at least a lack of interest, and a habitual and 
unchanging but non-focal type of awareness. Several subjects reported 
that they noted the movements of the peripheral object almost auto- 
matically. This agrees with the statements of Meisenheimer (1) that all 
phenomena make their first appearance at the centre of experience and 
develop there; but afterwards they may continue to exist outside the 
focus of experience in a wider field of consciousness, and remain there 
until attention is again turned upon them, attention being primarily 
the experience of turning-impulsively-upon. The retention of the focal 
position by the form percept, on the other hand, was much assisted by 
its central position in the field of vision. And, apart from this, the 
factors of difficulty of apprehension and of interest prevented the per- 
ception of form from becoming non-focal and semi-automatic. 

Thus it seems that physiologically the peripheral retina is well 
adapted for the perception of movement. Psychologically also the move- 
ment percept under normal conditions seems to be accompanied by 
interest and affective factors which ensure its appearance at the centre 
of consciousness—always provided that the individual has not acquired 
a habitual semi-automatic type of response, as under the conditions of 
these experiments. We see, then, that Exner(6) was to some extent 
justified in regarding the peripheral retina as an organ specially adapted 
for movement perception. 

But the theory has been advanced by Parsons (12) that this adaptation 
is structural rather than functional. He considers that the photopic and 
scotopic mechanisms of vision may correspond to the epicritic and proto- . 
pathic or dyscritic mechanisms which were postulated by Head (9) for 
cutaneous sensibility. Parsons points out that “scotopic vision shows 
many of the characteristics of protopathic sensibility, especially in its 
vagueness and crudity, its undifferentiated character and lack of exact 
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localization and discrimination” ((12), р. 176). On the other hand, this 
mechanism has acquired certain powers of discrimination: and adapt- 
ability (as shown in dark adaptation), and no longer shows any all-or- 
none reactions. Moreover, we are uncertain as to the exact behaviour 
of the scotopic mechanism at any but very low intensities of illumination. 
For although the fovea contains only the photopic receptors, the cones, 
the peripheral retina contains both rods and cones, according to Chie- 
vitz 8) in a proportion of one cone to 15 to 18 rods all over the peripheral 
retina outside the area centralis. Thus the behaviour of the peripheral 
retina at fairly high intensities of illumination may well be a function 
of the cones, such as they are, and not of the rods at all. Parsons indeed 
points out that “there is overwhelming proof...that peripheral vision 
behaves in exactly the same manner as central vision, but with di- 
minished sensitivity" (09), p. 177). But the apparently inherent sen- 
sitivity of the peripheral retina to moving objects is advanced by him 
as evidence of its dyscritic nature. It is known that the vision of the 
lower animals, which presumably is dysoritic in sensibility, is particularly 
sensitive to movement; hence it is concluded that the region of the retina 
most sensitive $0 movement is also dyscritic in origin. Evidence in 
favour of this view is given by the work of Riddoch 13), who found that 
in cases of gradual recovery from occipital injuries, the first visual stimuli 
perceived were light and movement; and that recovery of vision for 
movement began in the peripheral field. It is, of course, possible that 
under such conditions only the scotopic mechanism would be functioning, 
and that it was indeed demonstrating its dyscritic nature. Again, in the 
normal individual an epicritic mechanism usually dominates over & 
dyscritic mechanism—that is to say, the dominance of the central form 
percept over the peripheral movement would on this theory be expected. 
But if at all but very low intensities of illumination peripheral movement 
perception is carried on by the cones rather than by the rods, the experi- 
ments described in this paper have shown merely that one part of the 
epicritic mechanism will at one time dominate over another, while at 
another time the dominance is reversed. 

Moreover, we have adduced much evidence to show that the relative 
sensitivity of the retina to form and movement perception is greatly 
influenced by the psychic factors of interest, familiarity and difficulty of 
apprehension. It is the relative strength of these various factors as they 
function in connection with the different percepts that determines which 
of these percepts shall be at the focus of consciousness at any given 
moment, and which at the fringe. This psychic and functional method of 
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determination appears to us to afford a better explanation of the known 
facts than a structural determination based upon the theory of epicritic 
and dyscritic sensibility. | 


У. Summary. 


1. To throw some light upon the question as to whether the peripheral 
retina is inherently adapted to the perception of movement, a series of 
experiments was carried out to study the nature of simultaneous form 
and movement perception in the central and peripheral retina. 

2. It was found that the accuracy of movement perception, both 
central and peripheral, was almost always impaired by simultaneous per- 
ception of a stationary form, whether peripheral or central. The accuracy 
of peripheral movement perception was also decreased by simultaneous 
central movement perception, but that of central movement perception 
was unaffected by simultaneous peripheral movement perception. 

3. The accuracy of central form perception was slightly decreased 
whether the peripheral object moved or remained stationary. But the 
accuracy of peripheral form perception was greatly decreased by simul- 
taneous perception of movement, whether central or peripheral. 

4. It appeared that the subjects of these experiments adopted an 
attitude of distributed attention, designated as ‘being on the look-out’ 
for various objects in the visual field. But there appeared to be tendencies 
for consciousness to centre upon: (a) the form, partly because it was more 
difficult to apprehend than the movement, and partly because it was 
more interesting; (5) the movement, momentarily, at the expense of the 
form, when it was unfamiliar or unexpected; (c) the object at the centre 
of the visual field, whatever its nature, because it is more customary to 
concentrate on foveal than on peripheral percepts. 

5. When the form and the movement were situated close together 
in the periphery, there was much more conflict and fluctuation of 
attention between them than when they were situated on opposite sides 
of the field of vision. 

6. There was no indication of any special sensitivity of the peripheral 
retina to movement; its reactions appeared to be determined principally 
in accordance with the three tendencies described in 4 (а), (5) and (с). 
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I 


I. INTRODUCTION. 


Іт is a familiar fact that visual acuity, or the resolving power of the eye, 
varies with illumination. This fact has long presented an important 
problem for physiological opties, but in recent times the problem has 
assumed especial interest on account of the theoretical work of Selig 
Hecht 20). Hecht has developed a theory which not only attempts to 
account for the relation between visual acuity and illumination in exact 
quantitative terms, but which also has far-reaching implications for the 
general theory of vision, and, indeed, for sensory physiology in general. 

The work of Hecht has stimulated the present writers to re-examine 
the problem of visual acuity, both theoretically and experimentally. 
Although we are here primarily concerned with the special question of 
the relation between visual acuity and illumination, it seems very 
desirable to begin with a preliminary discussion which shall clarify our 
general ideas regarding visual acuity, and make plain the theoretical 
problems at issue. 

We shall first consider how visual acuity is to be defined, and second, 
we shall examine, in the light of experimental knowledge, the general 
problem of the physiological basis of this function. We shall then review 
the theories concerning the dependence of acuity upon illumination, with 
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particular attention to the theory of Hecht. We are led, in fact, to the 
conclusion that this theory, despite its attractive simplicity, is based on 
unsound assumptions, and that its quantitative adequacy to the facts 
is more apparent than real. 

If Hecht’s theory cannot be admitted, it still remains to inquire what 
actually causes acuity to change with intensity. Experiments carried 
out by Wilcox attempt to answer this question. In the course of these 
experiments a new hypothesis was developed which, fortunately, could 
be quantitatively formulated and put to experimental test. The hypo- 
thesis is, in fact, found to be confirmed. There is thus direct evidence that 
the true explanation of the relation between visual acuity and illumina- 
tion lies in quite a different direction from that proposed by Hecht. 
These experiments, and their theoretical implications, will be discussed 
in a second papert. 


II. DEFINITION AND MEASUREMENT OF VISUAL AOUITY. 


Visual acuity, or the resolving power of the eye, is defined by Hof- 
mann (81, p. 19) as the capacity to perceive fine details. Other writers 
have proposed different definitions; but there is fairly general agreement 
regarding the method by which visual acuity is actually to be measured. 
Such a measurement is taken to consist in a determination of the amallest 
interspace, in terms of visual angle or retinal distance, at which two 
neighbouring objects can be resolved, 4.e. perceived as two rather than 
ав one. The acuity is then inversely proportional to this: minimal angle. 
The ophthalmologist uses letters or numbers as his test objects, but it is 
generally acknowledged that the recognition of such objects is a complex 
function, not amenable to exact analysis or measurement. 

If, as is frequently done, we choose to employ the term ‘visual 
acuity’ in its most inclusive sense, we can distinguish three different 
sorts of visual acuity. These may best be described in terms of the tests 
by which they are measured. 

(1) The first type of acuity is the resolving power, or visual acuity in 
the narrow sense. The test object may consist simply of two neighbouring 
dots. The measure of the acuity is the reciprocal of the least visual angle 
at which the two points can be perceived as separate. Or, instead of 
points, one may use two parallel lines side by side. Often, in place of two 
lines, a large group of parallel lines, forming a grating, is used as test 
object. The square letter-E figure (‘hook’) of Snellen, and the Landolt 


1 A brief account of these experiments has already appeared elsewhere шт). 
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‘ring,’ or ‘broken circle,’ are generally considered as носив essentially 
the same visual function}. 

In all these tests, we note, the observer’s task is the perception of a 
gap (or a series of such gaps) between two contours which are side by side. 
Usually, however, a distinction is made between the resolution of two 
objects and the perception of a single small object. A measurement of 
the visual angle subtended by the smallest object (point or line) that 
can be distinguished from its background is not ordinarily regarded as a 
test of ‘visual acuity.’ But certain writers—Guillery (21), Hofmann (81), 
Pergens (46) and Koster 88)—consider that there is no fundamental differ- 
ence between these two situations. As we shall see, this is a question of 
much theoretical importance. 

For the sake of convenience, we shall speak of the least visual angle 
for the separation of parallel lines, Snellen hooks, and the other con- 
ventional acuity test objects, as the ‘resolution threshold.’ With good 
illumination, this threshold is generally found to range between 30” and 
60” for the normal eye. 

(2) It was first shown by Volkmann (55) that the separation threshold 
does not represent the ultimate limit of the eye's power of spatial dis- 
crimination, but that very much lower values may be obtained when this 
power is tested in a different manner. Volkmann measured the threshold 
for the perception of a difference between the breadths of two simul- 
taneously presented lines, and obtained strikingly low values, ranging 
from 7” to 11”. 

Values of the same or even a lower order of magnitude are obtained 
when one measures the so-called 'vernier threshold' or 'displacement 
threshold,’ з.е. the threshold for the perception of a lack of alignment 
between two straight lines placed end to end. This was first discovered by 
Wiilfing 69). Frenchds) finds^that the average error of an alignment 
setting may be as low аз one second of arc. 

The capacity to detect a slight displacement of a single moving object 
is not usually considered as falling under the strict definition of visual 
acuity. However, it is obvious that spatial discrimination is involved in 
this perception, and the movement threshold is of much interest in 
connection with the general theory of visual acuity. It is significant that 

1 In Snellex’s test one determines the greatest distance at which the figure can be 
resolved, ав indicated by a correct judgment regarding the orientation of the ‘E, which 
the observer does not know in advance and which is changed from trial to trial. In Landolt’s 
test, the observer must report the position of a small open segment on the circumference 


of the ring. (This test has been objected to, on the ground that it involves only the per- 
ception of a single object, and not the separation of two objects.) 
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the thresholds obtained are of the same order of magnitude as the 
values for-the vernier threshold (Volkmann (55)). In fact, Stratton (64) 
found & very close agreement between the two. 

А good deal of theoretical discussion has been devoted to the problem 
of explaining the very low thresholds which are obtained under these 
various special conditions, a8 contrasted with the values obtained for 
the ordinary resolution threshold. In the early period of physiological 
optics, it was generally taken for granted that the limit of the eye's 
delicacy of spatial discrimination could be measured in terms of the 
least angle permitting discrete perception of two contours situated side 
by side. But Hering 29) was led, as a result of Wülfing's experiments, to 
conclude that one must draw a distinction between the resolving power 
(Auflésungsvermégen) or ordinary visual acuity, and the space sense 
(Raumsinn) or power of distinguishing ‘differences in spatial position. 
According to him, a measure of the Rawmsinn is furnished by the vernier ` 
acuity; the older tests, which measure only the Auflósungsvermügen, do 
not enable us to reach the true limit of spatial perception. The under- 
lying theory has been most adequately worked out by Anderson and 
Weymouth @) (vide infra). 

(3) Still another sort of acuity is the stereoscopic acuity, or fineness 
of binocular depth perception. Since the perception of depth is a response 
to the disparity, or difference in relative retinal location, between two 
monocular patterns, this acuity might seem to correspond exactly to 
the acuity of type 1, and one might expect to find a corresponding value 
for the threshold. It is experimentally found, however, that the stereo- 
scopic threshold, +.е. the minimal angular disparity which will give rise to 
a perceived depth difference, is much lower than the resolution threshold. 
The threshold proves to be of the same low order as the vernier threshold 
(Bourdon (9)). Howard (35), Anderson and Weymouth (8), and Langlands (42) 
have obtained depth thresholds corresponding to a disparity as low as 2”. 

Here, again, the discrepancy with the threshold for monocular 
separation of contours has given rise to much perplexity. Helmholtz, 
for example, had taken it for granted that the just perceptible difference ` 
in depth could be computed from the resolving power for parallel lines. 
As in the case of the vernier threshold, various speculations have been 
made in the effort to reconcile the apparent contradiction. Stratton (58) 
made the astute suggestion that the stereoscopic acuity, from the theo- 
retical point of view, is comparable to the vernier acuity rather than to 
the ordinary resolving power. The same standpoint is adopted in the 
recent theoretical work of Anderson and Weymouth @). 
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The present study is primarily concerned with visual acuity in the 
narrow sense (visual acuity of type 1). The acuities of types 2 and 3 are 
of interest, however, in connection with the general theory, and we shall 
have some occasion to refer to them in the course of our discussion. 


Ш. MiNIMUM SEPARABILE AND MINIMUM VISIBILE. 


We return now to the problem of the resolution threshold (visual 
acuity of*type 1). Although certain statements in the literature might 
lead one to suppose that a certain definite standard value might be 
assigned to this threshold, this would be a very mistaken conception. 
Even for one and the same individual, the threshold obtained depends 
upon the particular type of test object employed (as well as upon the 
illumination, and the brightness difference between test object and back- 
ground). Thus, if one makes tests with a series of objects varying in size 
and form, one obtains a wide range of different values for the threshold. 
. This is very graphically demonstrated by Guillery (1), р. 799 and 

Fig. 247). 

Even in the simple case of two parallel lines, we find that the acuity 
varies, in a pronounced way, with the width of the lines, and with their 
length (4, 48). For example, Roelofs (48) obtained а resolution threshold of 
89” in the case of two lines each 18" wide and 89" long. On the other 
hand, when the width was 66" and the length 111, the threshold was 
only 22". 

It has been customary to draw & sharp distinction between the 
minimum, separabile, illustrated by the threshold for discrete perception 
of two lines, and the minimum visibile, which would be exemplified by 
the least visual angle at which a single line could be recognized as distinot 
from its background. But how is one to make a clear differentiation 
between these two sorts of threshold? The following consideration will 
show the difficulty of this. Suppose, starting with two fine parallel 
lines, we gradually increase their width. The resolution threshold will 
decrease continually. Eventually, we reach the conditions corresponding 
to the minimum visibile; and, let it be noted, the final threshold which 
we obtain will be very small as compared with the threshold found under 
the initial conditions!. 

1 In the case of a single bright line on a dark background, the width may indeed be as 
small as one pleases and yet the line will be seen provided tho intensity is sufficiently high— 
just as we see the stars despite the infinitesimal visual angle which they subtend. In actual 
experiment, Bell (7) obtained a threshold of 0-5” for the perception of в single bright line, 
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At what width of the lines do we pass from the minimum visibile to 
the minimum separabile? One finds no definite answer to this question 
even in the writings of those who insist upon the importance of the 
distinction, and who hold that the minimum visibile does not furnish a true 
measure of ‘visual acuity.’ For the sake of clarity, one might decide to 
define the minimum separabile (in the case of two parallel lines) as the 
least perceptible separation between two stimulus-lines of infinitesimal 
width (in terms of visual angle). If, on the other hand, one had two 
surfaces with adjoining parallel rectilinear contours, the breadth of the 
surfaces being so great that a further increase in breadth would not 
improve the discrimination of the gap between them, the threshold of 
resolution in this case might be defined as the minimum visibile. (These 
definitions, besides being formulated for the special case of parallel lines, 
would be still further relative in that the length of the lines introduces an 
additional variable.) 

The customary test objects used in the measurement of ‘visual acuity’ 
contain lines of very appreciable though small width; hence, in the sense 
of the above definitions, the threshold obtained is neither the minimum 
separabile nor the minimum visibile, but an intermediate value. Is this 
threshold a true measure of visual acuity? 

The definitions we have given are arbitrary. Butif one adheres to the 
prevailing belief that ‘visual acuity’ is a function essentially different 
from that involved in the discrimination of single lines or points, it is 
clear that some definite criterion is necessary, so-that one may know 
exactly how this function is to be measured. 

If, on the contrary, one holds with Guillery and Hofmann that there 
is no ultimate dissimilarity, as regards the visual functions involved, 
between the minimum separabile and the minimum че, this question 
of definition is no longer one of fundamental importance. Discussion 
of this point may best be postponed until we have considered the problem 
of the relation between acuity and the structure of the retina. 


ТУ. VISUAL AOUITY AND THE RETINAL MOSAIC. 


In 1866 Helmholtz (07), pp. 215 ff.) pointed out that if the rods and 
cones are the photosensitive elements of the retina, the finite size of 


but there is no reason to doubt that this value could be reduced indefinitely by increasing 
the light intensity. 

A single dark line on a bright ground can be seen even though its width is exceedingly 
small Barnard (в), Lowell «s, Slipher and Lampland w), and Pickering 47) have all 
obtained a minimum visibile which is less than 1” in this case. 
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these elements should place a certain limitation on the resolution of 
extremely fine patterns. If we imagine the fovea to be stimulated, e.g. 
by two mathematical point-images, it is obvious that a perception of 
two discrete points will be impossible unless the images are separated by 
at least one cone diameter. For if this is not the case, then the two 
images will fall on the same cone, and necessarily give rise to a unitary 
perception; or they will fall on adjacent cones, and there will be no 
basis for the perception of a gap between them. A similar conclusion 
can be drawn in the case in which the retinal image consists of two lines 
of infinite thinness. 

Helmholtz’s guiding idea is expressed in the following words: “The 
light which falls upon a single sensitive element can produce only a 
single light sensation, within which it is impossible to distinguish whether 
individual parts of the element are strongly illuminated, others weakly 
illuminated” (@7), p. 215). Thus he considered that the structure of the 
retina places an ideal limit to the resolution of fine patterns for the 
reason that it places a spatial limit to brightness discrimination. 

Two aspects of Helmholtz’s conception should be especially em- 
phasized. If we test the eye’s resolving power, employing as test object 
& pair of points or lines of infinitesimal surface, theory predicts that we 
cannot obtain a threshold which (expressed in terms of retinal distance) 
will be less than the cone diameter. We cannot, however, predict that the 
threshold will be equal to this value; for it may well be greater. In 
other words, the ideal limit which is established by retinal structure may 
not actually be reached. Whether or not it is reached can only be decided 
by actual test. 

Furthermore, Helmholtz recognized that this theoretical principle, 
namely, that the resolution threshold cannot fall short of a value corre- 
sponding to a cone diameter, only applies to the special case of mathe- 
matical points or lines. When the test object consists of two or more 
lines of finite width, the threshold may, as he was well aware, be con- 
siderably less than this value. 

Thus Helmholtz did not make the assumption that ‘visual acuity’ 
in general is determined simply by the structure of the retinal mosaic. 
Visual acuity depends primarily on brightness discrimination, and only 
secondarily on the dimensions of the cones. Moreover, the test objects 
which are conventionally used in the measurement of acuity are not 
mathematical points or lines; in such a case the visual resolution of 
adjoining contours may well surpass the fineness of the mosaic. 

However, Helmholtz’s clear analysis of the problem seems to have 

16-2 
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been frequently overlooked by subsequent writers. In much of the 
literature one finds emphasis laid on the correlation of the limits of 
acuity with retinal structure, without due regard to the precise nature of 
this correlation, and its limitations. Weber’s (66) idea of ‘sensation circles’ 
is still widely current (though objections have been raised against 
exclusively anatomical interpretations of visual acuity by Hartridge (22) 
and by Dunlap 4). : 

Tt appears to be universally recognized that the minimum visibile is 
not simply determined by retinal structure; the narrowest perceptible 
single line may subtend an angle much smaller than that corresponding 
to & cone diameter. The explanation, 16 is agreed, is to be found in the 
fact that the minimum visibile involves only the discrimination of a 
brightness between this single line and its surroundings. 

But, we may ask, is any essentially different process involved in the 
discrete perception of two lines (minimum separabile)? For the perceptual 
task is essentially the same: to see two lines as distinct from each other 
really means to see & third line, namely, the line which forms the gap 
between the two. And if the perception of a single line rests on a dis- 
crimination of brightness, why should not the same be true of the 
resolution of a pair of lines? There is a difference, of course, in the extent 
of the ‘background’ contiguous to the line which is to be distinguished. 
There is also an enormous difference in the actual acuity of the eye as 
measured by the two methods. But there is no apparent reason for 
supposing that any essentially different visual function is involved in the 
minimum separabile as contrasted with the minimum visibile. 

Let us consider in greater detail the relation of acuity to retinal 
structure, and let us begin with the case of the minimum visibile. Here 
our test object is a single line on a wide background of different bright- 
ness. It is evident that the perception of this line simply requires that 
there shall be at least one row of cones whose stimulation is sensibly 
different from that of the rows on either side. Even if the breadth of the 
retinal line-image is only a small fraction of a cone diameter, the cones 
upon which it falls will not receive the same quantity of light as the 
surrounding cones. Provided brightness discrimination is sufficiently 
delicate to respond to this small difference, a line will be seen. 

Now, let us assume that the background on which our central line 
appears is narrowed down until it consists simply of two fine lines. We 
shall suppose that we have two bright lines which are separated by a 
dark space}, and that the width of the schematic retinal image of each 

1 A similar argument can be applied to two dark lines separated by a bright interspace. 
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bright line is only a fraction of a cone digmeter!. Then, if we consider 
the three cones in Fig. 1, we see that the left- and right-hand cones 
may receive a larger quantity of light than the central cone, even though 
-the distance between the inner contours of the lines is less than one cone 
diameter. Provided this difference of illumination can be responded to, 
the space separating the bright lines will be perceived. Thus there is no 
a priori reason for supposing that the resolution threshold, even for 
lines of this minute width, may not have a lower value than would 
correspond to the diameter of a single cone. 

It is obvious, to be sure, that our two lines cannot be brought 
indefinitely near to each other and still be resolved. As Helmholtz has 
noted, resolution is impossible when the centres of the two light-bands on 
the retina are separated by only one cone width (07), p. 218). Thus the 
resolving power is not independent of retinal structure. In virtue of the 
discrete structure of the receptor layer, a continuous distribution of light 
intensity on the retina is transformed, from the physiological point of 
view, into a multiplicity of discontinuous spots. This places a definite 
limitation upon the perception of brightness differences. 

However, it is only when the two linear stimuli are infinitely narrow 
that the ideal resolution threshold becomes equal to the width of a cone. 
So long as they have any appreciable width, there remains the theoretical 
possibility of obtaining a threshold which is less than the cone diameter?, 

In the case pictured in Fig. 1, it is apparent that, as our two 
bright lines are moved nearer together, the quantity of light received by 
the left- and right-hand cones is diminished, while that received by the 
central cone is increased. When the distance between the inner contours 
of the lines is made sufficiently small, all three cones will be equally 
stimulated. Such a retinal distance will кшш the ideal limit of 
acuity for.this particular test object. 

But it is evident that if the two images on the retina have a width as 
great as 14 times the diameter of a cone, the quantity of light received 
by the two outer cones will not be altered by shortening the distance 
between contours. Thus, no matter how small this distance, the central 
cone will always receive less light than its neighbours on either side. 


1 For our present purposes the aberrations of the eye, which cause the light to spread 
beyond the contours of the schematio image, may be negleoted. 

! In the interesting psychophysical study of visual acuity which has recently been made 
by Coover (12), it was found that the test object (Landolt ring, Ives grating, etc.) was 
frequently ‘resolved’ when the ‘gap’ (in terms of retinal distance) was less than the cone 
width. The author supposes that such judgments are necessarily based on ‘secondary 
criteria.’ We can see no theoretical justification for this assumption. 
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For lines of this width, or any greater width, the retinal mosaic pre- 
scribes no absolute limit to resolution. | 

We emphasize that by ‘theoretical’ or ‘ideal’ thresholds we refer to 
the thresholds which could conceivably be attained if the structure of. 
the mosaic were the only factor limiting acuity. Actually, however, 
acuity is limited by other factors. Therefore, except possibly under 
certain special conditions, these ideal values are not attained in practice. 

This is especially obvious when we consider the resolving power for 
luminous points. When the components of a double star are separated 
by as little as 34’, only an observer of exceptionally keen vision is able 
to resolve them (Aubert (4), р. 203). Now, the diameter of a foveal cone, 
representing the ‘ideal’ threshold for the resolution of two points, 
corresponds to a visual angle of about 30” (cf. (58)). Thus the actual 
performance in this case falls far short of the limit set by retinal structure. 





This should not surprise us, when we consider the fact that the eye is 
by no means a perfect optical instrument. Thus a luminous point in 
external space is not focused upon the retina as a mathematical point, 
but as a surface of very appreciable size, in which the intensity only 
gradually falls off towards the edges. 

Taking account of chromatic aberration, diffraction, and other 
sources of optical error, Hartridge has performed calculations of the 
amount of this spreading. We quote this author: “Taking for example 
the case of a bright narrow line on a dark ground, and assuming the 
diameter of the pupil to be 3 mm. and that the diameter of the foveal 
cones 18 3:2 ш. If then the intensity of illumination of that row of foveal 
cones which exactly corresponds with the centre of the image of the line 
equals 100, then the intensity of illumination of the rows of cones which 
le on either side of the central row will be found by calculation to be 
31 per cent.; and the next row of cones will be found to be illuminated 
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by approximately 9 per cent., and so on. And it is not until the sixth 
row of cones is reached that the intensity of illumination has fallen as 
_ low as 1 per cent. In other words, even in the case of the image of a 
linear source, a large number of retinal cone elements receive stimulation, 
and it is not possible to think of any one cone or even any one small 
group of cones as being alone stimulated" ((22), p. 57). 

Schoute 61) has made experimental measurements, by an objective 
method, of the ‘diffusion circles’ in the normal, well-accommodated eye. 
For & pupillary diameter of about 5 mm. he finds that the diffusion 
circles in central vision are from 160 to 220 in diameter. 

The existence of this large optical spreading can be demonstrated in 
a variety of ways through its effects on subjective phenomena. Thus, it is 
found that visual acuity is affected by the size of the pupillary aperture, 
even though the strength of the retinal illumination is kept constant (Ш). 
It is also found that visual acuity may be greatly improved by substituting 
monochromatic light for light which contains a mixture of wave-lengths; 
this improvement may amount to as much as 300 per cent. (44). 

If we consider the large dioptric errors of the normal eye, then it 
becomes a surprising fact that the subjective blurring of our perceptual 
patterns is not even far greater than it actually is, and indeed that we 
see any definite and clear-cut contours in our visual field. But, as 
Mach (45) first suggested, these errors are probably compensated, in large 
measure, by the effects of contrast, or interaction of visual areas. 

Hering has also laid great emphasis on the importance of contrast 
for sharp vision. According to him, the broad haze at the edges of an 
illuminated retinal region is neutralized (so far as sensation is concerned) 
by an antagonistic induction of black due to the higher brightness 
immediately adjacent. In his own words: “The retinal image of every 
contour line, even when seen with the best accommodation, is blurred. 
But our “inner eye’ possesses the power of creating in the psychical field 
of vision (provided the intensity of this imperfect line-image is sufficiently 
great) a sharp boundary between the two contiguous colours—thus of 
producing sharply contoured visual objects out of the diffusely contoured 
elements of the retinal image. Our visual organ owes-this power to the 
interaction of visual areas. The retinal image is always blurred; but, like 
the photographer who retouches a defective print, this interaction 
corrects the picture of external objects. In those places where light is ' 
lost by aberration, interaction replaces this loss of brilliance more or less 
adequately; where excess light penetrates to disadvantage, interaction 
renders it ineffective by darkening” ((30), р. 154). 

The resolution of an acuity test object, as we have seen, depends 
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essentially on the perception of a brightness gradient. Optical blurring, 
due to the defects of the image-forming apparatus of the eye, tends to 
reduce the gradient on the retina and hence to diminish acuity. Simul- 
taneous contrast, on the other hand, enhances the perceptual gradient, 
and thus makes up, in greater or less degree, for the effects of blurring. 

In terms of this conception we can understand why acuity should 
vary so much with changes in the size and form of the test object. We 
know, for example, that contrast increases with the area of the contrast- 
inducing surface. If we have a single dark line on a large white field, 
the contrast-darkening will be much greater than in the case of a dark 
line lying between. two narrow white lines. Thus the great difference in 
the corresponding values of the resolution threshold becomes intelligible’. 

In the саве of a test object, consisting simply of two luminous points, 
the visual acuity is very low when considered in relation to the anatomical 
limit. With other test objects, offering more favourable conditions for 
simultaneous contrast, the eye's performance is considerably better. It is 
an interesting question whether, given optimal conditions in respect to 
type of test object and in respect to illumination, the anatomical limit 
of acuity can actually be attained. 

Helmholtz found that he could resolve two parallel white lines, 
under the most favourable conditions, when the distance between their 
centres amounted to 64” (GT), р. 216). Since this angle corresponds to 
the diameter of the foveal cones, as measured by Kölliker, he concluded 
that “the optical structure of a well-built and well-accommodated eye is 
fully adequate to achieve the degree of precision which the size of the 
nervous elements makes possible." Later histological studies, however, 
have shown that Kólliker's values are far too large to represent the size 
of the cones in the centre of the average fovea. Thus Helmholtz’s acuity 
was considerably below the anatomical limit for the given test object. 

It is possible that, under still more favourable conditions, the acuity 
may reach the highest value which is compatible with the dimensions of 
the cones. But, so far as we are aware, there exist no data to prove that 
this is the case. Under the usual experimental conditions, at any rate, 
the acuity seems to be definitely inferior to the anatomical limit. 

In any case, the highest acuities are obtained only under optimal 
conditions of illumination. The acuity is not merely a function of the 
” size and form of the test object, but depends also on the brightness of the 
object and the brightness of the background on which the object appears. · 


1 For а discussion of other factors which enter into this problem, of. Hofmann (0, 
p. 26). 
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This fact, again, indicates that the eye’s acuity is primarily restricted by 
functional factors, rather than by the dimensions of the receptors. 


У. VISUAL ACUITY AND RAUMSINN. 


In the preceding section we have analysed the conditions pertaining 
to the perception of a gap between adjoining points or contours. We have 
seen that the visual acuity depends primarily on the perception of a 
brightness gradient. The structure of the retina places certain ideal limits 
to the perception of brightness gradients, and hence to the fineness of 
acuity; whether or not these limits are actually reached, they cannot at 
any rate be exceeded. 

The fineness of visual discrimination may, however, be measured by 
other methods which involve rather different principles. For example, 
we may test an observer's ability to detect a slight relative displacement 
between two parallél contours placed end to end—the so-called vernier 
acuity. 
` Here the conditions are quite different from those appropriate to the 
perception of an interspace between the same two lines placed side by 
side. In the latter case resolution is possible only if, between the edges 
of the two retinal images, there lies a row of cones which are sensibly 
different in respect of illumination from the two rows corresponding to the 
contours. The perception of a lack of alignment between two lines placed 
endwise, on the other hand, does not demand that a gap shall be perceived. 
between the two lines. 

The vernier threshold proves to be exceedingly small. A retinal 
displacement amounting to 1/5 the diameter of a cone, or even less, can 
be detected under favourable circumstances. 

At first thought, it might appear that no displacement ought to be 
seen until the shift on the retina amounted to at least a whole cone 
diameter. But Hering and Best have pointed out that, even though the 
retinal displacement is much smaller than this, it is possible for one 
contour to stimulate a row of cones, while the other contour fails to 
stimulate any cones lying in the same line (cf. Q1), pp. 772 f.). Thus the 
‘physiological boundaries’ of the two contours would not lie on the same 
row, but on adjacent rows, and the displacement could therefore be 
recognized. 

According to this theory, the vernier threshold is a function of 
brightness discrimination; this discrimination, of course, being subject 
to a limitation which is set by the size and arrangement of the receptors. 
It is probable, however, that this theory is over-simplified, and that a 
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complete theory will have to include other factors, such as are brought 
out by Weymouth and his collaborators (3, 5) in their theory of ‘mean 
local sign.’ 

These writers point out, to begin with, that the retinal image of a 
straight contour will in general be received by an irregular and not a 
perfectly straight row of cones. Since we see a straight and not a broken 
line, a ‘smoothing’ or ‘averaging’ process must take place among the 
‘local signs’ of the individual cones in the irregular row. The position of 
the perceptual straight line is determined by the ‘mean local sign.’ 

If we take into account the continual movement of the eye, we must 
conceive this averaging process to be extended over a large number of 
such rows which successively receive the image. Hence the apparent 
position of the line will be based upon the mean of a very large number 
of individual ‘local signs.’ 

This apparent position, being determined, not by a single element 
but by the co-operation of many, may be changed appreciably by a 
very minute displacement of the objective contour. The fineness of 
perception of displacement “ів therefore not restricted to such units as 
interconal distance or cone diameter but may be accurate to a small 
fraction of these units just as the mean of a number of measurements made 
in inches may be accurate to a small fraction of an inch” (8), р. 586). 

The vernier threshold may therefore be much smaller, in terms of 
retinal distance, than the cone diameter—how much smaller, we cannot 
predict. The authors have applied the same theory to the stereoscopic 
acuity. They find it confirmed by the following facts: the diminution of 
both the vernier and stereoscopic thresholds with increasing length of 
the lines in the test object, the improvement of vernier acuity with eye 
movement, and the superiority of vernier acuity in binocular as compared 
with monocular vision. In all these cases, the decrease in the threshold 
goes parallel with an increase in the number of elements to be averaged, 
and thus with a higher precision of the ‘mean local sign.’ 

Essentially the same conception of an interaction process between 
‘space values’ or local signs has been developed independently by 
Hofmann 82), who brings forward a very interesting line of experimental 
evidence in support of it. 

We may remark that the theory of mean local sign can be applied to 
any situation in which we test the delicacy of visual response to a differ- 
ence of position between two independent patterns. In the case of 
vernier acuity, this independence is guaranteed by the end-to-end place- 
ment of the lines; in the case of stereoscopic perception, by the fact that 
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the contours to be discriminated are presented to different eyes. We may 
also suggest that the theory would equally well apply to the perception 
of movement, and to the perception of small differences in the breadth 
of lines, and would account for the fineness of the thresholds obtained 
in these cases. 

If this conception is correct, there is a very important difference, 
from the point of view of theory, between the ordinary visual acuity 
(Auflósungsvermógen) and the function which Hering designated as the 
Raumsinn. While the former is primarily dependent on brightness per- 
ception, the latter depends, in & much more direct way, on the organi- 
zation of the visual mechanism with respect to spatial disorimination!. 


VI. VISUAL AOUITY AND ILLUMINATION. 


The effect of illumination on the resolution threshold has been 
studied by many experimenters, beginning with Tobias Mayer in 1754. 
The best known of these studies is that of König 7). Konig employed a 
black Snellen E-figure upon a white background as his test object. The 
figure and its ground were visible by reflected light, the same external 
illumination falling upon both. This illumination was varied through a 
wide range, and the effect of this variation upon the acuity was observed. 

Throughout the experiments the proportions of the E-figure were 
kept constant. In order to test the acuity, the visual angle subtended by 
the figure as a whole was decreased (either by increasing the distance of 
the observer from the test object, or by diminishing the absolute size 
of the object itself) until it could no longer be resolved. (The orientation 
of the E-figure was changed from observation to observation, and each 
time the size of the retinal image was progressively decreased until the 
observer could not correctly identify the orientation.) 

König represented his results in the form of a graph in which acuity 
was plotted against the logarithm of illumination. This graph consisted 
of three straight lines: a line of small slope, representing the data for the 
lowest illuminations, a second line of steeper slope, for the medium 
illuminations, and, for the highest illuminations, a third line which was 
nearly horizontal. He considered the first line to represent the acuity 

1 This conclusion is also suggested by the finding of French (18) that the vernier thres- 
hold (unlike the resolution threshold) is but slightly affected by changes in illumination. 
The following observation by Gelb and Goldstein (20), on a case of brain pathology, 
- is interesting in this connection. “Та a subject with ‘psychical blindness’ the ordinary 
visual acuity (resolution threshold) was found to be approximately normal. When, however, 
the subject was required to discriminate between a straight line and a slightly bent line, 
his discrimination was decidedly inferior to the normal person's." 


- 


248 Visual Acuity and из Physiological Basis 


furnished by the retinal rods, the transition to the second line occurring 
at the intensity at which the cones come into function. While accepting 
Kénig’s interpretation of his results in terms of the duplicity theory, 
Hecht @4) considers that the data can be most adequately fitted by в 
single smooth curve of the ogive form. 

Other experimenters‘, employing different test objects and otherwise 
different conditions, have obtained a variety of empirical curves and 
formulae representing the relation between acuity and illumination. In 
general, their procedure has been broadly similar to Kénig’s. 

A few remarks should be made about the implications of this pro- 
cedure. The resolution threshold, as we have previously noted, depends 
upon the brightness of the test object and upon the brightness of its 
background. According to Kénig’s method, both of these brightnesses 
are varied simultaneously, and the change of acuity represents the 
composite effect of both factors. Moreover, and this is perhaps still more 
important, Kónig's method involves a variation in the size of the test 
object as a whole, and not simply of the interspace which is to be 
resolved. 

Thus Kónig's data, and other data obtained by a similar method, do 
not represent the isolated effect of one particular variable, namely, the 
intensity of the white background, but involve other important variables 
in addition. This complication is unfortunate in so far as the theoretical 
interpretation of the results is concerned’. i 

Under the customary experimental conditions, one generally finds 
that acuity increases with illumination (though eventually reaching a 
level beyond which there is no further change, as in Kénig’s experiments). 
Various theories have been proposed to account for this change of acuity. 

` Many writers have referred it to the dioptric errors of the eye, these 
errors being of less consequence at high than at low illuminations, for 
certain physiological reasons. Thus Hofmann (01), р. 41) says: “The 
dependence of visual acuity upon light intensity has especial theoretical 
interest, inasmuch as it furnishes a clear proof of the lack of sharpness of 
the retinal images, even in the normal, well-accommodated eye.” 


According to Hering, the distinctness of vision rests upon simul- - 


taneous contrast, which compensates for the defects of the image-forming 


1 A number of references to the literature are given by Guillery (@1, рр. 778 #). 

а It has been suggested by Chalmers uo, Roelofs and Bierens de Haan (49), and 
Kühl wv, that areal summation of stimuli plays an important part in determining the form 
of the aouity-intensity curve. We may cite the fact demonstrated by Abney œw that 
the apparent brightness of a small, weakly illuminated area is æ function of Ив gizo.—In 
any case, the influence of absolute size on acuity, even at high intensities, is well known. 
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mechanism. He attributes the greater distinctness at high intensities 
to an increased degree of contrast ((80), p. 157). It can hardly be said, 
however, that either Hering or Hofmann has given a clear and adequate 
treatment of the concrete problem with which we are concerned, namely, ' 
the effect of light intensity upon the resolution threshold. Hering has, 
however, suggested certain ideas which offer themselves as a basis for 
such a treatment @8). In а later paper we shall examine these ideas and 
consider their possibilities for the development of a satisfactory theory. 

Hartridge ?2) has suggested that the change of acuity with illumination 
is due to the failure of the eye to obey Weber’s law for brightness dis- 
crimination. But this hypothesis, which demands that acuity should 
always be low at very high as well as very low intensities, is not in accord 
with experimental facts. 


VII. HecHr's THEORY OF THE RELATION BETWEEN 
ACUITY AND ILLUMINATION. 


We now turn to the theory of Hecht, which represents an entirely 
novel attack on the problem. 

It is generally admitted that visual acuity is limited by the mosaic 
structure of the retina, in the sense that this structure establishes a 
certain maximal value which acuity cannot surpass. But acuity varies 
with illumination, and falls far short of the ideal or maximum value 
when the brightness conditions are unfavourable. This has been taken 
as an indication that retinal structure, however important it may be, is 
not the sole factor regulating acuity. | 

Hecht, on the other hand, suggests that the change of acuity with 
illumination may be due to an actual variation in the distribution of 
receptors. Of course the number of rods and cones in the retina is 
anatomically fixed. But one may suppose that this number varies in a 
functional sense. 

The retinal elements, it is assumed, vary in their sensitivity to light. 
Only the most sensitive receptors will function at the lowest intensities. 
As the intensity is increased, more and more receptors will respond. It 
-is for this reason that visual acuity increases with intensity ; the number 
of functional elements per unit area is increased, or the retinal ‘grain’ 
becomes finer. Visual acuity is assumed to be proportional to the 
number of functional elements in unit retinal area. 

The data of Коша indicate that the relation between acuity and log 
illumination is ogival. Hecht proceeds to show how Kénig’s data can be 
quantitatively explained by his theory. 


250 Visual Acuity and из Physiological Basis 


He assumes, in conformity with his earlier work (28), that there exists 
in the rods and cones a photochemical substance which is decomposed 
by light. This decomposition is a bimolecular reaction, its rate being 
proportional to the intensity of illumination. Moreover, the reaction is 
reversible. On these assumptions it can be deduced that under prolonged. 
illumination by the intensity I, the relation between concentration of 
decomposition product (х), and I, is given by the equation 

ha 
а—@ 
where а and К are certain constants. 

It is supposed that the accumulation of a given concentration of 
decomposition products in a receptor cell discharges the cell and sends 
an impulse along the corresponding optic nerve fibre. But this threshold 
concentration will vary from one cell to another. Hecht postulates that 
the thresholds of the various cells are uniformly distributed with respect 
to concentration х. In other words, given a concentration z in the entire 
population of cells, the total number which will be active at this con- 
centration is a linear function of ж. But, according to the photochemical 
theory, is related to the intensity Г by the equation given above. It will 
be seen, therefore, that the theory provides a basis for calculating the 
number of functional elements at any value of illumination. 

The situation is complicated by the fact that the retina contains two 
sorts of elements, rods and cones. It is assumed that the dynamics of 
the photochemical system are similar for the rods and cones, although the 
photosensitive substances are not necessarily the same. To quote Hecht: 





Beginning with the lowest illuminations, vision is a function of the rods. The 
number of rods which are active is very small; this amounts to having a resolving | 
surface with the receiving elements sparsely distributed. The retinal distance between 
two just discriminable contours must be large, and visual acuity is very low. As the 
illumination increases, more and more rods reach their threshold and become functional. 
The average distance between the active elements becomes smaller, and visual acuity 
larger. 

Presently an illumination is reached when the first cones begin to funotion. 
Visual acuity will still be mediated by the rods because there are already more 
functional rods present than cones. But. ..the rate at which the cones come into play 
with increased illumination is nearly ten times as great as the rate of the rods. There- 
fore at a certain point the number of cones functioning in the fovea will be equal to 
the number of rods in the periphery. As the intensity increases beyond this, the number 
of active foveal cones per unit area will be greater than the number of active peri- 
pheral rods in an equal area, and visual acuity will now be determined by the cones. s 
This augmentation of the number of funotional cones and the concomitant increase 
in visual acuity will continue until all the cones are active, and по further change in 
visual acuity is possible ((24), pp. 261 ff.). 


nhe 
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Hecht shows that, on the basis of these assumptions, & theoretical 
curve representing visual acuity. as a function of log illumination can be 
drawn, and this curve fits the data of König remarkably well. He also 


_ shows that a curve of the same form (although with different absolute 


values of visual acuity) fits the more recent data of Roelofs and Zee- 
man (60), 

` According to the theory, the visual acuity of a totally colour-blind 
(cone-blind) person should be calculable from the distribution of thres- 
holds for the rods alone. And the actual data of Коша and Uhthoff 
on the acuity of the totally colour blind are found to confirm this 
expectation. 

The experiments of Hecht and Wolf (26) on the visual acuity of the 
honey bee show that the relation between visual acuity and illumination 
is rather similar to that found by König for the human eye; when acuity 
is plotted against log illumination, a sigmoid curve is obtained. This 
result is particularly interesting, inasmuch as the insect eye is built upon 
а quite different plan from that of the human eye, and possesses no 
dioptric mechanism analogous to the crystalline lens. Moreover, Hecht 
and Wolf find that the lowest resolution threshold, obtained under high 
illumination, corresponds almost exactly to the diameter of the narrow 
central elements in the mosaic eye. If these fine elements are painted 
out, the ordinates of the visual acuity curve are all reduced. “If visual 
acuity is always mediated by the region of minimum angular separation, 
then the elimination of this central foveal area should depress the visual 
acuity function to the level of the remaining peripheral ommatidia”’ 
((26), p. 182). According to anatomical data, the minimal separation of 
the functioning elements in this case is about 3/4 that existing in the 
intact eye. And the visual acuity curve in fact has all its ordinates 
reduced to almost precisely 3/4 of their original values. Thus, experiments 
performed upon a different type of eye appear to demand an explanation 
similar to that which was worked out for the human eye. 

If, with Hecht, we suppose that the number of functional receptors 
changes with intensity, we may also expect that intensity perception will 
be influenced by this number. Although recognizing that the frequency 
of optic nerve impulses will also change with intensity, and will play a 
certain réle in intensity perception, Hecht believes that the discrimination 


- of differences in intensity is based upon the number of functional receptors. 
“In other words, if we start with a dark field, and gradually add more 
` and more light to it, each distinguishable increase in brilliance represents 


the addition of one new functional element per unit area. 
Hecht proceeds. to work out the quantitative consequences of this 
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idea. He suggests, to begin with, that the term ‘unit area’ may be given 
more than a purely formal meaning. There may be such a thing as a real 
unit area in а physiological sense. He says (04), pp. 276 f.): 


Is there @ minimal retinal area which contains the equipment for recording the 
various properties such as intensity perception, colour vision, visual acuity, and the 
like, usually ascribed to the eye as a whole? One can, in terms of the ideas presented 
in this paper, make a calculation of the size of such a minimal retinal area. 

As a direct result of his experiments with Brodhun on intensity discrimination 
Konig computed that it is possible to recognize 572 discrete steps in brightness over 
the complete range of intensities perceptible to the eye’. By comparing his com- 
putations with an analysis of intensity discrimination (Hecht, 1924-25), it is apparent 
that the first thirty of these steps are mediated by the rods; the remainder, 542, by 
the cones. If the recognition of a minimal intensity difference represents a change 
from n ton +1 or » — lin the number of cones functional in a unit area, then the 
minimal retinal area in the fovea must contain 542 cones. The actual unit area may be 
some multiple of this; but the minimal area can contain no fewer than 542 cones. 
This number is thus derived direotly from the experimental date of intensity dis- 
crimination. 

The minimal retinal area should also be able to mediate all visual acuities, from 
the highest to the lowest. Such an area will have for its side the retinal distance 
between two just perceptible contours corresponding to the lowest visual acuity. 
The retinal distances for all other values of the visual acuity will obviously fall within 
this distance. Moreover this minimal retinal area for visual acuity is by definition 
the same for rods as for cones, since the unit of visual acuity is taken to be the same 
for both. From Kónig's data..., the lowest visual acuity is 0-03 unite. Kónig's unit 
of visual acuity corresponds to a visual angle of 1720”. Therefore a visual acuity of 
0-03 refers to an angular separation of slightly over 44’, and to a retinal distance of 
0-2 mm. The resulting square area? is 0-04 sq. mm. The fovea contains 13,500 cones 
per sq. mm. (Helmholtz, 1866). The minimal area derived directly from visual acuity 
data therefore contains 540 cones, which is the same number as that derived from 
intensity discrimination. : 

From [the curves representing the distribution of thresholds], it is apparent that 
in the normal eye the cones take over the mediation of vigual acuity from the rods 
when only half of the rods are funotional. There must therefore be about 60 rods per 
unit area in the retinal periphery in order to account for intensity discrimination. 
This is a ratio of 1:9 of rods to cones. Note the same relationship in visual acuity. 
The maximum cone visual acuity is 1-71, the maximum rod visual acuity is 0-21. 
This is & ratio of 1: 8 + of rods to cones.... i 


1 According to Kénig’s own statement, however, the figure 572 represents the number 
of steps comprised in the range of intensities actually covered in the experiments, and not 
the number of steps in the complete range perceptible to the eye. “By a process of extra- 
polation, Kónig deduces the value 660 for this latter number. = 

2 It is not entirely obvious why one should take “the resulting square area,” rather 
than, e.g. the resulting circular area. In point of fact, the shape of the unit area would 
seem to be indeterminate. р P^ 
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It should be pointed out that the ratio of rods to cones in a unit retinal area corre- 
sponds with the findings in the photochemical system suggested as a basis for the 
sensibility distribution of the retinal elements. For & minimal intensity discrimination 
it was found (Hecht, 1924-25) that in the cones this means an increase of 0-20 units 
of photochemical decomposition, whereas in the rods the increase is 1-6 units. Since 
there are 100 units in each photochemical system, there are possible 500 photo- 
chemical steps for the cones and 60 for the rods; again a ratio of 1: 8 + of rods to 
cones. 


Thus, on the assumption of & physiological ‘unit area? which is 
capable of mediating all visual acuities, and all visual intensities, from 
the lowest to the highest, and on the assumption that each just notice- 
able difference in visual intensity represents the addition of a single 
functional element per unit area, one arrives at a quantitative agreement 
between the data of acuity and the data of brightness discrimination. 

Houstoun (83) has recently proposed a modification of Hecht’s theory. 
While accepting Hecht’s basic idea that acuity, as well as intensity 
discrimination, depends on the number of functional elements, he thinks 
it erroneous to correlate acuity with the number of elements per unit 
area. Acuity, which is inversely proportional to the linear separation of 
the just discriminable contours, should also depend on’ the linear 
separation of the functional retinal elements, in other words, upon the 
number of functional elements per unit length of the retina. Intensity 
perception, on the other hand, is based on the number of active receptors 
per unit area. Visual acuity is proportional to the square root of the 
latter number. | 

Houstoun and Shearer (и) have obtained new experimental data on 
both visual acuity and brightness discrimination, and they find that 
these data agree much more closely with their own theoretical assump- 
tions than with the assumptions of Hecht. 

These writers further point out that in the usual acuity tests, both 
the test object and its background are illuminated; acuity depends on 
the difference in intensity between object and ground. In the theory of 
acuity, account must be taken of the magnitude of this difference, and 
not merely of the strength of illumination incident on the test field. 

Houstoun’s conception of the nature of the receptor process is quite 
different from Hecht’s; but for our purpose it suffices to note that he 
adopts, with modifications, Hecht’s idea that the number of active 
retinal elements varies with intensity, and that this variation forms the 
basis of brightness discrimination and of visual acuity. 

We have already pointed out, in discussing the relation of acuity to 

'' the retinal mosaic, a number of difficulties in the way of any theory 

J. of Psyoh. xxn. 3. 17 
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which, like Hecht’s and Houstoun’s, makes acuity depend solely on 
the distribution of responding elements. Similar difficulties have been 
mentioned by other writers. Thus, Best(8) has remarked that Hecht’s 

theory omits to take account of the gross imperfections of the image- 
forming apparatus of the eye, besides neglecting the important factor of 
interaction of visual areas (simultaneous contrast). Koffka and Har- 
rower (36) have called attention to the dependence of acuity on the size 
and form of the test object. 

We believe that the most fundamental objection to the theory lies 
in the fact that it fails to consider the actual perceptual phenomena 
which are involved in the recognition of detail. Consider, for example, 
a test object consisting of a series of alternate light and dark lines. If 
the lines are very fine, we perceive simply a patch of homogeneous grey. 
As the width of the lines is increased, we eventually see a non-uniform 
field—a series of lines of dissimilar brightness. The ‘resolution’ of the 
test object represents the perception of this inhomogeneity of brightness 
within the field. 

A theory of acuity must start with the question: What are the 
conditions under which this gradient of brightness becomes perceptible? 
Now it is clear that if the lines are too fine in relation to the size of the 
retinal elements no brightness differences can be seen. But, on the 
other hand, if we take considerably coarser lines, we can make them 
imperceptible by diminishing the objective brightness gradient between 
the two sets of Шпев (13). In general, we can conclude that any factor 
affects acuity only in so far as it affects the perception of this 
gradient?. 

Thus the analogy which Hecht makes between visual acuity and the 
resolving power of a photographic plate is an imperfect one. Acuity is 


1 Freeman ив) objecta to the theory on the ground that acuity depends on central 
and not merely on retinal factors. The acuity of the same retinal region may vary with the 
distance separating the observer from the stimulus field, even though the retinal image, 
and ite illumination, are constant. Other facts might be cited to show that acuity is 
dependent on central conditions. It has been shown by Gelb a9) that the acuity of в given 
peripheral spot is affeoted by the form of the total stimulus pattern. Kravkov has found 
that the visual aouity of one eye is influenced by simultaneous stimulation of the other (39, 
and that aouity is altered by the presence of в simultaneous acoustic stimulus 40. The 
superiority of binocular over monocular acuity us) is probably not wholly due to ocular 
factors. 

2 A more complete theory of acuity should include the case where colour differences, 
as well as brightness differences, are involved. If, e.g., our test object consists of alternate 
grey and coloured lines of equal brightness, ita resolution corresponds to the perception 
of a chromatic rather than в brightness gradient. For в criticism of Heoht'a theory, from 
the point of view of chromatio acuity, of. Koffka and Harrower (30. 
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not wholly, or even primarily, dependent on the retinal ‘grain,’ and we 
cannot argue that every change in acuity presupposes a corresponding 
change in the distribution of sensitive elements. 

In particular, then, we cannot take it as a self-evident fact that 
strength of illumination affects acuity only in so far as it causes a change 
in the number of functional receptors. For we have to reckon with the 
alternative possibility that the effect may be due to a change in the 
perceptibility of the light gradient on the retina. 

Hecht justifies his conception of the physiological basis of the acuity- 
illumination relation on the ground that it leads to a numerical prediction 
of the experimental facts—namely, the data of König. This quantitative 
evidence would be more convincing if it were actually true that a one- 
to-one relation obtained between acuity and illumination. But since, 
even for one and the same value of illumination, the acuity may vary 
within wide limits—depending on the difference in reflection factor 
between test object and background, the size and form of the test object, 
and so on—our attitude must remain sceptical. 

We agree with Hecht, however, that no satisfactory and well-worked- 
out alternative theory has been proposed. We also share his belief that 
an adequate theory should supply a. quantitative and not merely в 
qualitative description of the facts. ‘Accordingly, we have thought it 
worth while to undertake a new investigation of the problem, in the hope 
of arriving at such a theory. The results of this study justify the con- 
clusion that the factor invoked by Hecht (as well as by Houstoun), 
namely, a change in the number of functional receptors, is not required 
in order to explain the dependence of acuity upon intensity. 

But, for the sake of completeness, we ought to consider Hecht’s 
theory from another point of view. Even though there is no evidence 
for the belief that the number of responding elements changes with 
intensity, still this does not preclude the possibility that this belief may 
be correct. Now, according to Hecht, the number of functional elements 
per unit area furnishes the basis for brightness discrimination. 

We have said that the perceptual phenomenon involved in visual 
acuity tests is the recognition of a difference in brightness between 
neighbouring small areas. But what is the physiological basis of bright- 
ness perception? We might say, with Hecht, that the neighbouring areas 
are discriminated because they contain different numbers of functional 
elements, e.g. the perception of a dark line on a bright ground might 
conceivably be due to the fact that the line stimulates fewer elements per 
unit area than does the ground. 

: 17-2 
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Clearly, this modified form of the theory which we have suggested is 
not open to the same objections which confront Hecht’s attempt to 
correlate acuity with distribution of receptors, and it may well be 
compatible with a variety of ideas regarding the basis of the acuity- 
intensity relation. 

The alternative, and more orthodox, view would be that the number 
of functional elements is subject to no such gross variations, and that 
brightness perception depends primarily on the way in which individual 
elements respond to altered stimulation. We must now consider the 
relative merits of these two different conceptions regarding the basis of 
brightness perception. | 

It has been shown by Adrian and Matthews @) that the frequency of 
impulses in the optic nerve increases with intensity of stimulation. It 
would appear, then, that brightness perception finds an adequate basis 
in impulse frequency, and that there is no immediate necessity for 
postulating a variation in the number of functional receptors. Hecht 
himself recognizes that frequeney is a factor in intensity perception, but 
assigns it а rôle of minor importance (85), pp. 261 f.). 

According to Hecht, “it is difficult to consider frequency alone as the 
basis of intensity discrimination. Frequency is a continuous function 
because time is continuous. But it is a fundamental property of intensity 
recognition that it is discontinuous...” (25), p. 253). We believe, how- 
ever, that the differential threshold for brightness can scarcely be 
considered as a true ‘quantum.’ Given two slightly different intensities, 
the probability of correctly judging the direction of their difference is 
experimentally found to be a continuous function of the magnitude of 
the actual difference (17). It is difficult, therefore, to accept the existence 
of a threshold as evidence for the number-of-elements hypothesis. In 
any case, the brightness threshold finds its analogy in a vast variety of 
sensory and perceptual thresholds, and this fact in itself may well make 
us doubt the necessity of any such ad hoc hypothesis. 

It is altogether probable that there is at least some sieht variation 
in the thresholds of the retinal elements, во that they do not all come 
into function at precisely the same intensity. Doubtless, there are 
differences between the thresholds of different elements at the same 
instant, and of the same element at different instants. There is, however, 
no evidence in favour of the very gross variations which are postulated 


1 There is, of course, the possibility that both the number of aotive elementa and the 
response of each active element may vary with intensity, and that the perception depends 
on the joint effect of both these factors. 
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by Hecht; according to his theory, e.g. there are certain elementa which 
are stimulable only by the highest visible intensities. 

Now, as we have pointed out elsewhere (58), this theory leads to a 
contradiction when we consider it in relation to the eye’s power of 
perceiving minute stimuli. A single dark spot on a white background is 
visible (in moderate daylight illumination) when the breadth of its 
schematic image on the retina is smaller than the diameter of a single 
cone. 

The perception of such a spot must rest on the fact that a single cone 
receives less light than the cones surrounding it. In other words, one 
cone is either non-functional, or functions in reduced degree, and the 
subtraction of this single element produces & perceptible discontinuity 
in the otherwise continuous surface of the visible background. But this, 
in turn, implies that the light reflected by the white paper is sufficient 
to evoke a response from the entire mass of receptors which it strikes. 
For if (as Hecht’s theory implies) only a fraction of these receptors were 
called into function by this illumination, then each non-functional cone 
would give rise to the perception of an apparent discontinuity in the 
surface of the background. That is to say, the background would be 
seen not as a continuous surface but as a mosaic of light and dark spots. 
Since we actually receive no such impression from a surface of white 
paper illuminated by daylight, we are led to the conclusion that all the 
foveal cones, and not merely a fraction of them, respond to this 
stimulus. | 

But the perceptual intensity, or brilliance, corresponding to this 
stimulus is very low in relation to the total range of possible brilliances. 
We infer, therefore, that throughout at least a very wide range of stimulus 
intensities àll the cones are functional, and hence that the increases of 
brilliance with stimulus intensity which occur within this range are 
mediated not by the addition of new functional elements but by variations 
in response on the part of elements already functional. 

This conclusion, that number of elements is not the sole basis of 
brightness discrimination, is confirmed by the following experiment (58). 
A black and a grey spot were simultaneously presented on a white 
background, the schematic retinal image of each spot corresponding to 
the size of a single cone. Despite the smallness of the images, it was 
found possible to discriminate the brightnesses of the two spots. 

It still remains possible that a variation in receptor thresholds may 
be an important factor in light discrimination at weak intensities. Further 

nvestigation must decide whether or not this is the case. 
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The present critique concerns itself with Hecht’s theories only in so 
far as they deal with problems of human vision. It is obvious that the 
problem which is raised by Hecht and Wolf’s interesting experiments on 
insects requires separate consideration. The validity of Hecht’s explana- 
tion as applied to this problem is a question which we must leave open. 


VIII. Summary. 


1. The resolution threshold is defined as the visual angle separating 
two neighbouring contours when they can just be recognized as discrete. 
Visual acuity, by definition, is inversely proportional to the resolution 
threshold. 

2. It is pointed out that the resolution of a test object is based on the 
perception of a difference in brightness between the contours and their 
interspace. Thus there can be no sharp distinction, from the point of 
view of theory, between the minimum separabile and the minimum 

3. The vernier threshold and the stereoscopic threshold, on the other 
hand, probably do not depend so directly upon brightness perception, 
but are determined by the delicacy of the mechanism underlying 
localization. 

4. The structure of the retina places certain limits to the perception 
of brightness gradients, and hence to visual acuity. It is uncertain 
whether these limits are ever attainable in practice. Under the usual 
experimental conditions, the resolution threshold falls considerably short 
of the anatomical limits. The importance of optical blurring and of 
simultaneous contrast for visual acuity is emphasized. 

5. The dependence of acuity on light intensity is discussed, with 
particular attention to the recent theory of Hecht. It is pointed out 
that Hecht’s analogy between visual acuity and the resolving power of a 
photographic plate is an imperfect one; the theory fails to take into 
account the concrete perceptual situation involved in the recognition of 
detail. Its assumptions are inconsistent with the fact that acuity may 
vary within wide limits even though illumination remains constant. 

6. Hecht’s postulate of a gross variability in the thresholds of the 
retinal elements is contradicted by the results of experiments on the 
perception of minute areas. 
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FHuRBBRauBn. 


I. INTRODUCTION. 


THE value of rhythm in work seems never to have been in doubt. 
Unfortunately, however, general agreement on this subject is largely 
invalidated by differences in the meaning assigned to the word ‘rhythm’ 
by different writers. Moreover, the extent of the aid given by rhythm is 
extremely difficult to assess. This difficulty arises chiefly from the lack 
of any exact means of measuring the degree of rhythm present in в 
given performance of a task. 

In the work to be described an attempt was made to measure certain 
aspects of rhythm in the performance of a muscular task and to relate 
them to the efficiency of the performance. The task observed was type- 
writing, but itseems likely thatthe importance of rhythm here is paralleled 
in many other operations, particularly in those that consist in the re- 
production of language: linotype composing, telegraphy, and perhaps 
the writing of longhand and shorthand. In the acquisition of speech 


1 The expenses connected with this research were mainly met by a grant to the National 
Institute of Industrial Psychology from Tootal, Broadhurst, Lee & Co., Ltd. 


D. W. HARDING 263 


skills also rhythm is probably of the utmost importance. In these tasks 
a large number of different movement sequences, in the form of words 
and phrases, recur at frequent intervals but are not repeated continuously. 
The patterns of the movement sequences are therefore not thrust on 
the. worker in the same way as the patterns of simpler repetitive work. 
In some simple factory tasks it seems almost impossible not to rhythmize. 
In typewriting it is much less nearly inevitable. In typewriting, conse- 
quently, individual differences in rhythmizing are far more marked and 
there is a greater possibility of relating them to differences in efficiency. 


II. USE oF THE TERM ‘RHYTHM.’ 

The study of rhythm in typewriting brings up urgently the question 
of what ‘rhythm’ means. Recent writers have diverged widely and in 
various directions from the usage established by earlier workers, and 
considerable confusion has resulted. An attempt has been made in the 
present paper to return to the conception of rhythm found in the papers 
of such workers ав R. MacDougall), and Miner (6), who themselves quote 
earlier authorities. 

These writers agree with each other reasonably well in what they 
regard as the essential features of rhythm. In the first place it is agreed 
that rhythm is a unique kind of unifying activity : a number of impressions 
that would otherwise be merely a sequence can, if rhythmized, be 
attended to as & unit. This unification of impressions is independent of 
their having any other perceptual significance; a sound sequence can be 
quite meaningless but still form a rhythmical unit. Further, the unifi- 
cation brought about by rhythm is, for consciousness, immediate, and 
though conscious activities (such as counting) may help to bring it about, 
yet when it does occur it will appear as an “immediate fact of sensory 
apprehension” (В. MacDougall ©). There is also very general agreement 
that the rhythmized impressions are differentiated according to their 
position within the rhythm unit; some ‘stand out’ and others are sub- 
ordinate. Something comparable to biological specialization is involved. 
Thus, for instance, a brief burst of machine-gun fire, though perceived 
as a unit, fails to form a rhythm because its component sounds are not 
differentiated; instead of being integrated within the unit, they are 
merely enclosed. within it. 

Expressing these points of agreement briefly, we may say that 
rhythmization shows itself, if it becomes available to, introspection, as 
an immediate grouping of a series of impressions, together with a 
differentiation of the component members of the group. A further 
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important fact, noted by many workers, is that once rhythmization in a 
certain form has been established it tends to recur in that form extremely 
readily. 


Ш. DIVERGENT USES OF THE TERM. 


The above definition of the term excludes certain meanings which 
the word ‘rhythm’ has been given in current psychological writings. 
Among them may be noted the meaning ‘smoothness of movement’ 
which is implied in parts of Farmer's work, 2). General psychological 
usage seems never to have given the term this significance. Münsterberg, 
indeed, in Psychology and Industrial Efficiency, speaks of rhythm being lost 
through the introduction of machines when “the rhythmical horizontal 
and vertical movements were for physical reasons usually replaced by 
uniform circular movements." The complete smoothing of movement 
eliminates rhythm. 

Sargant Florence in The Economics of Fatigue and Unrest defines 
rhythm as “the regular and frequent repetition of a group of differentiated 
motions and pauses.” This, too, seems at variance with most psychological 
writers. À group of differentiated motions and pauses may certainly 
be regularly and frequently repeated, but it is then the rhythm which is 
repeated, not the repetition which constitutes the rhythm. Throughout 
his discussion of rhythm Sargant Florence uses the term as a synonym 
for ‘regularity of repetition.’ This is one of the commonest usages, but 
it seems to have no psychological support. It is frequently found in 
accounts of the effect on output and fatigue of introducing conveyers, or 
otherwise prescribing the rate of work. Here the fixed timing is spoken of 
as rhythm. 

Speed or tempo of movement is a third meaning often assigned to 
‘rhythm.’ Münsterberg, for example, says: “Motions in the rhythm of 
40 to the minute were on the whole just as exact as those in the rhythm 
of 20.” Quite evidently the word ‘tempo’ would fit his sense more ac- 
curately. It is this use of the word that is usually, though not always, 
implied in references to ‘the natural rhythm of the worker.’ 

A fourth use is made of the word by Wyatt and Weston (8) and by 
Vernon (1). These writers define it as the ratio of muscular contraction to 
relaxation, or of work to rest. This, too, lies outside the meaning of 
‘rhythm’ as the word has been used by psychologists. Different rhythms 
might of course be set up by tasks that involve different ratios of con- 
traction to relaxation, but the ratio would be only a mathematical 
statement of the form the rhythm took. Rhythmization, whether the 
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rhythm is imposed on a uniform series of impressions or suggested by 
differences in the series, is an activity carried out by the organism, and 
not a mathematical conception. 


IV. RHYTHM IN TYPEWRITING. 


In popular speech, rhythm in typewriting has come to mean ex- 
olusively the maintenance of uniform time intervals between successivo 
strokes, and of uniform force in striking the keys. This usage is extremely 
misleading, since it is exactly the reverse of that employed in the earlier 
psychological work on rhythm. In that work nonsense syllables, for 
instance, were said to be rhythmized when the uniform series in which 
they were presented was broken up into groups, or patterned. And this 
early usage i8 clearly in line with the accepted psychological conception 
of rhythm. In the work to be described, therefore, rhythmization is 
supposed. to. occur not when the key strokes form a perfectly uniform 
series, but when they are differentiated and grouped. It was found that 
most typists do quite markedly rhythmize their movements. Phrases and 
long words are divided into groups of strokes, quick runs of letters being 
followed by slight pauses. Different combinations of letters produce 
distinctive patterns (there is no constant grouping into threes or fours, 
for instance), and the same pattern is—allowing for individual differences 
in degree of consistency—adhered to whenever the word or phrase occurs. 
Marked differences exist among individuals, both in the extent to which 
they stress the pattern, and in the consistency with which they adhere 
to it in later repetitions of the word. Some individual differences in the 
form of the pattern adopted for a given word are found, but the main 
features of the pattern are fairly constant from one subject to another. 

These main features of the pattern are suggested by the comparative 
convenience on the keyboard of different combinations of letters, and 
not by ease of spelling or pronunciation. The word ‘enclosed,’ for 
instance, is generally split up thus: 'encl-os-e-d. The main principle 
underlying the way in which a word or phrase is divided is that de- 
monstrated by Lahy (4, namely, that the interval between letters struck 
with alternate hands is Shorter than the interval between letters struck 
with different fingers of the same hand. 

Is one justified.in calling this grouping ‘rhythmization,’ when it is 
suggested by the position of the keys? The enormous differences among 
the subjects in the extent to which the pattern is emphasized, and in the 
consistency with which it із adhered to in successive repetitions, leave 
no doubt that some personal factor, apart from the arrangement of the 
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keyboard, enters into the results. But it may be suggested that this 
personal factor is simply one of neuro-muscular peculiarity which either 
aggravates or diminishes the effect of the keyboard arrangement. This 
possibility has not been experimentally disproved, but it seems unlikely, 
and in any case it is of no great importance for the present paper. The 
_ important point is that, however the grouping may have originated, 
once it has originated it ceases to be a mere mechanical grouping imposed 
on the subject, and becomes instead the form in which the subject 
expresses her active effort of rhythmization or integration. Some degree 
of rhythmization is assumed to be present when a particular grouping of 
strokes is adhered to, even in the absence of confirmation from the sub- 
ject’s introspections. (The same assumption is implied in the definition 
by Sargant Florence quoted above.) Some of the subjects who grouped 
their letter strokes consistently, reported, on being questioned, that they 
did feel the pattern or rhythm; others said that they did not. Even these 
latter subjects are assumed to have rhythmized. Thatis, itis assumed that 
some activity was going on at non-conscious levels, and would, if it had 
been more prominent or hetter attended to, have been experienced by 
the subjects as rhythmization. 

Two reasons may be advanced for supposing that this is во. In the 
first place, it is difficult to see why the degree to which the grouping is 
stressed, if № were merely imposed by the keyboard arrangement plus 
the subject’s neuro-muscular peculiarities, should be positively related 
to her capacity for speed (see VII below). It might equally well be 
expected to retard speed. The fact that it is positively related to speed, 
strongly suggests that the grouping is rhythmical (i.e. that the subject 
does not merely acquiesce in it, but actively exploits it as the most 
convenient form into which to cast her rhythmizing); the greater speed 
can then be explained as being due to the extra integration given to 
the movement-sequence by the rhythm. Secondly, there is some evidence 
(see XI below) that speed can be improved if the typist wittingly adopts 
a suitable rhythm. If, therefore, one knows that a grouping which 
certainly is rhythmical tends to improve speed, there is considerable 
likelihood that а similar grouping which aids speed is also rhythmical. 

For these reasons it has been supposed that the patterning observed 
indicates that the movements have been rhythmized. 
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У. METHOD OF MEASURING RHYTHMIZATION. 


In the present investigation, observations were made of the time 
intervals that elapsed between successive letter-strokes when typists 
‘practised one word repeatedly. An ordinary portable typewriter was 
used, but in place of a sheet of paper for receiving the impressions there 
was substituted a paper tape moving through the machine at a constant 
speed. The subjects typed in the usual way. Since the tape moved con- 
tinuously (regardless of the spacing mechanism), any difference in the 
time intervals between strokes was recorded as a difference in the spacing 
of the impressions on the tape. No direct account was taken of differences 
in the force exerted in the strokes. It was assumed that these differences 
would produce corresponding differences in time interval. This is con- 
firmed by the findings of Lahy (4) on the “Relation between period of 
contacts, period of intervals, and force of stroke." 

Four groups of subjects, comprising seventy-nine in all, were observed. 
All were women. Group I consisted of twenty professional typists who 
differed among themselves in training, methods of fingering, and length 
of experience, but who had all reached ordinary business standards and 
were employed in a large office. The other three groups consisted of 
students from a commercial training school. Group II comprised six 
students who had been trained for a year and a half and had practically 
reached business standards; Group III comprised twenty-eight students 
with one year’s training; Group IV comprised twenty-five students with 
one term’s training. All the students had been trained in ‘touch’ type- 
writing and were familiar with the keyboard. They had also been 
encouraged throughout their training period to adhere to uniform time 
intervals between successive strokes; most had done a little ‘typing to 
the gramophone’ ($.е. keeping in time with records that inculcate absolute 
uniformity of time interval), but the importance of uniformity had not 
been stressed as strongly as it sometimes is in modern teaching. 

Each subject was observed individually. She first typed for some 
time а piece of ordinary prose, in order to familiarize herself with the 
experimental situation. She then proceeded to the intensive practice of 
two words, ‘hormone’ and ‘heterogeneous,’ taking them one at a time 
and typing them again and again, ‘hormone’ about forty times and 
‘heterogeneous’ about sixty times. A.specimen of the word was always 
in front of her for reference. The subjects were told to aim at reaching 
their normal speed for rapid work. A rest of a few minutes was made 
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| during the practice of each word, and the subjects were encouraged to 
make comments on their progress and methods. 


VI. TREATMENT OF RESULTS. 


Fig. 1 shows successive repetitions of a word by one subject: these 
have been cut from the tape, and placed in order one below the other. 
For convenience of inspection the position of each letter is then marked 
by a point, and the repetitions shown in the form of a chart (Fig. 2). A 

51 h orm o neg » 
58 h orm one >» 
55 В orm опе. 
$4 h orm one * 
55 В orm on 


36 h orm one · 


57 h orm one » 


— 


$8 Sh ormone» 
59 hormone 


40 В orm one e 


Fig. 1. Ten successive repetitions of a word by one subject. 


line connecte each letter in one repetition with the same letter in those 
following. This provides a convenient graphical demonstration of the 
time relations among the letter strokes. If the same interval between 
two letters has been maintained for two or more repetitions, the lines 
connecting these letters will be parallel. 

For the comparison of one subject with another some mathematical 
statement of the results is useful. It is first necessary to measure the 
subject’s deviation from uniformity of time interval between one stroke 
and the next. If the subject has rhythmized her movements, this 


D. W. HARDING 269 


measure will indicate how much the rhythm has been emphasized. If she 
has been merely erratic, the same measure will show how erratic she 
has been. To decide whether a subject who deviates from uniformity is 
erratic or rhythmic, one must have a measure of the consistency with 
which she adheres, in successive repetitions of the word, to the same time 
relations among the letter strokes. 


5 on 


[ut 


3 


о 


5 


сч 


5 


> 


5 
5 


о QC 


5 


— 


5 


со 


5 
40 


со 


с 
i 
=x 
i 


h orm o n e space 


x Врасе bar omitted 
Fig. 2. 


- Ава basis for these measures the ratio of each interval to the next 
was taken, in preference to the absolute interval. This was done on the 

: ground that variations in the speed of typing the word as a whole would 
increase the variability of the absolute intervals, although conceivably 
the same time relations, or pattern, might be maintained at the different 
tempos. All measures were made on the ten fastest correct repetitions 
of the word that the subject achieved. This excluded repetitions where 
one interval was abnormally long owing to some chance difficulty. As 
the subjects were generally satisfied that they could get no faster with 
further practice, the measures thus obtained may be taken as repre- 
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sentative of the subject’s performance at top speed. Apart from the 
fact that the measures were made only on correct repetitions of the word, 
no account was taken in these observations of accuracy. 

For the ten selected repetitions of the word the ratio of each time 
interval to the next is calculated. The average of the coefficients of 
variability of each of these ratios gives an inverse measure of the con- 
sistency with which the time relations within the word have been main- 
tained. The greatest deviation from uniformity shown by the average of 
any one of the ratios is taken as the measure of deviation (which for 
consistent subjects is a measure of rhythmical emphasis). The greatest 
single deviation is for this purpose preferable to the average of all the 
deviations, since the latter is affected by the form of the rhythm adopted, 
whereas the former indicates only the degree of emphasis placed on some 
rhythm or other. (For instance, the average deviation in the rhythm 
t... . (one two three—one)’ would be less than that in the rhythm 
*.. .. (one two—one two), though the degree of emphasis might be the 
same in each.) 

In one or two instances thé scores for deviation and for consistency 
show а negative correlation (— 0-59 + 0-10 for Group I ‘heterogeneous’ ; 
— 0-57 + 0-09 for Group IV ‘hormone’; — 0-40 + 0-11 for Group IV 
“‘heterogeneous’). This serves to emphasize the fact that to some extent 
mere irregularity increases the subject’s deviation score, and that both 
aspects of the performance have always to be considered: namely, the 
degree to which uniformity is departed from, and the consistency with 
which & pattern is maintained. It seems unwise to attempt any com- 
bination of these two variables into some single measure of ‘the degree 
of rhythm present.’ Such a measure would obscure important differences 
between subjects, and it is doubtful whether it could have any clear 
meaning psychologically. 

Very large differences occurred between different subjects’ scores, 
for both deviation and consistency. The lowest average deviation from 
uniformity was 0-03, the highest was 1-92. The lowest average coefficient 
of variability was 4-9, the greatest was 29-5. 


УП. Внүтнм AND SPEED. 


The resulte indicate fairly clearly а positive relation between rhyth- 
mical emphasis and capacity for speed. This fact is obscured to some 
extent by the presence of the third variable, consistency; and some 
allowance has to be made for this factor. When consistency is very low 
(i.e. when the subject has typed erratically) the positive relation between 
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the deviation score and speed no longer appears. In the following table 
the correlation between deviation and speed is shown for each group, 
together with the correlation when erratic subjects are omitted. Those 
subjects were considered to type erratically whose score for variability 
exceeded the mean of the group plus five times its probable error. 


Correlation of Deviation and Speed. 
Group I, ‘hormone’: 0-58 + 0-10 (omitting erratic subjects: 0-61 + 0-11). 
Group I, ‘heterogeneous’: 0-10 + 0-16 (omitting erratic subjecte: 0-40 + 0-15). 
Group I, ‘hormone’: 0-61 - 0-17 (no erratic subjects). 
Group Ц, ‘heterogeneous’: 0-73 + 0-13 (no erratic subjects). 
Group ПІ, ‘hormone’: 0-22 + 0:12 (omitting erratic subjects: 0-17 + 0-14). 
Group Ш, ‘heterogeneous’: 0-23 + 0-12 (omitting erratic subjects: 0-36 + 0-13). 
Group IV, ‘hormone’: 0-36 + 0-12 (omitting erratic subjects: 0-45 + 0-12). 
Group IV, ‘heterogeneous’: 0-31 + 0-12 (omitting erratic subjects: 0-49 + 0-12). 


It will be seen that there is some positive correlation (though it is 
not always significant statistically) between speed and deviation on all 
groups, and that it is nearly always greater when highly erratic subjects 

‘are omitted. In order that subjects from the different groups (which 
had had different lengths of training) could be compared directly, each 
subject’s score for speed and for deviation was expressed as a percentage 
of the mean score of her group. Erratic subjects (numbering sixteen for 
‘heterogeneous’ and twelve for ‘hormone’) were excluded. For the 
remainder of the subjects, treated in this way as one group, the corre- 
lation between speed and deviation was, for ‘hormone’ 0-36 + 0-07, and 
for ‘heterogeneous’ 0-45 + 0-07. 

The practical importance of this degree of correlation can be shown 
by dividing the subjects, according to their deviation scores, into a more 
rhythmical half and a leas rhythmical half?. With both words the less 
rhythmical half is slower than the more rhythmical: for ‘hormone’ it 
takes 13-4 per cent. longer, and for ‘heterogeneous’ 14-4 per cent. 
longer. The difference between the means is for ‘hormone’ 18:0 + 2:6 
(5-0 times the probable error), and for ‘heterogeneous’ 13-35 + 2-8 
(4-7 times the probable error). 

One would suppose that there must be some upward limit to the 
extent to which a rhythm can profitably be emphasized. The results 


1 Correlations for Group П are shown for formal completeness; the group was of 
course too small for much significance to be attached to the figures. 

з A few subjects in the middle ranks for deviation could not be assigned to either half, 
since identical deviation scores occurred on both sides of the median. There remained, 
however, for each word, fifty-six subjects who could be divided into the two classes. 

18-2 


272 Rhythmization and Speed of Work 


obtained so far, however, give no clear indication that this limit was ever 
reached. 

It remains to consider whether the relation between rhythm and 
speed indicates that rhythmizing increases the capacity for speed, or is 
merely an accompaniment of rapid work. This question can be answered 
by comparing the scores of the four groups, which, owing to differences 

` in length of training differed significantly in speed. In the following 

summary statement the difference between the means of the groups for 

deviation is expressed as a percentage of the larger mean, and the 

significance of the difference is stated in terms of its probable error. No 

significant differences in consistency occur among the groups. The 

figures given are for *hormone'; those for ‘heterogeneous’ are practically 

identical. 

Group I is insignificantly slower than Group II (6-5 per cent.: 1-9 times probable error) 
and deviates more! (54 per cent.: 4-8 times probable error). 

Group I is faster than Group III (10 per cent.: 3-3 times probable error) and deviates 
more (54 per cent.: 6-0 times probable error). 

Group I is faster than Group IV (21 per cent.: 6-6 times probable error) and deviates 
more (49 per cent.: 4-9 times probable error). 

Group П is faster than Group ТП (16 per cent.: 5 times probable error) and deviates 
to the same extent. 

Group П is faster than Group IV (26 per cent.: 7-8 times probable error) and deviates 
less but insignificantly (8-7 per cent.: less than probable error). 

Group Ш is faster than Group IV (12 per cent.: 3-8 times probable error) and deviates 
leas but insignificantly (87 per cent.: no greater than probable error). 


It will be seen that no statistically significant differences in deviation 
occur among the three student groups, although there are marked 
differences in their speeds (owing to differences in the length of training). 
Yet among individuals of equal experience there is a positive relationship 
between rhythm and speed. Hence this relationship must mean that the 
subject’s tendency to rhythmize indicates her capacity for speed, and 
does not merely accompany the achievement of speed. 


VIII. ErFEOT oF TRAINING IN UNIFORMITY. 


The differences between the means of the various groups also provide 
evidence as to the effect of training in uniformity. All the student groups 
show a markedly lower deviation score than do the experienced typists 
who had not been trained in this way, so that it may be said that their 


Т.е. departs more markedly from uniformity of time interval between successive 
strokes, 
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special type of training has succeeded in checking the natural tendency 
to emphasize the rhythms strongly. As far as their speed is concerned 
this approach towards uniformity seems not to have had much effect 
either way. Group П (six students with a year-and-a-half’s training) 
was slightly (insignificantly) faster than Group I, but this is not sur- 
prising since the conditions of the experiment (the repeated typing of 
one word) gave little opportunity for the extra experience of Group I 
to show itself. Had there been any advantage in adherence to uniformity, 
Group II might well have been faster under these conditions than 
Group І, and even.Group ПІ, with one year’s training, might have been 
as fast as the experienced typists. In point of fact Group Ш was 
considerably slower. There seems, therefore, to have been no clear effect 
on speed in either direction through the reduction in rhythmical emphasis. 
On the other hand, the tendency within each group for speed and 
rhythmical emphasis to be positively related still remains. 

This suggests that capacity for speed is related to the strength of the 
tendency to rhythmize and that the function of rhythmization-is fulfilled 
even when the rhythm is only slightly emphasized. This is to be expected 
if one supposes that the function of rhythm is to organize or integrate 
successive acts (in this case the component movements of the task). 
- The degree of rhythmization may normally be judged by the extent to 
which the pattern is emphasized. But this outward expression of the 
integration may be deliberately checked without the integration’s 
becoming any less real. This corresponds to the fact noted by Н. Е. 0. 
James 9) that the subjective experience of rhythm, once established by 
objective differences in a series of sounds, will be maintained even when 
these differences are gradually eliminated. Training in uniformity will 
reduce the amount of emphasis given to the rhythms; but unless it is 
completely successful it will still leave individual differences, and these 
will correspond roughly to the relative strength of each subject’s tendency 
to rhythmize. 


IX. ERRATIO WORKERS. 


Those subjects whose performance has been termed erratic (i.e. 
whose variability score exceeded the mean score of the grotip plus five 
times its probable error) include both very fast and very slow workers. 
The number of subjects (12 for ‘hormone’ and 16 for ‘heterogeneous’) 
is too small to allow any generalizations to be made with confidence. 
No correlation appears between deviation and speed, or between de- ` 
viation and consistency. There is, however, a small positive correlation 
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between consistency and speed among these erratic subjects, $.е. the less 
erratic they are, the better their speed. The correlations are, for *hor- 
mone’ 0-54 + 0.14, and for ‘heterogeneous’ 0-35 + 0-15. This is in- 
teresting, in that it is the reverse of the tendency found among the 
consistent workers, where the correlation between speed and consistency 
is slightly negative (for ‘hormone’ — 0-29 + 0-075, for ‘heterogeneous’ 
— 0:84 + 0-077). 

It may be that these subjects set about the task in a different way 
from the others: that they do not integrate their movements into a 
muscular unit, but treat each letter stroke separately. This would imply 
that they have remained in what is supposed to be one of the earlier 
stages in the learning of typewriting and that those who attain high 
speed do so in spite of their method. The slight correlation between 
consistency and speed may mean that the faster of these workers did to 
some extent rhythmize their movements and so benefited. It is to be 
expected that among extremely erratic workers any approach towards 
rhythmization will show itself in lessened inconsistency, since in the 
absence of some minimum degree of consistency, deviation from uni- 
formity cannot be regarded as rhythmization. Evidence from a further 
experiment (see XI below) suggests that erratic workers benefit from 
having a rhythm prescribed for them. Thus it may be supposed that 
rhythmization would be of value to these workers, as to others, but that 
certain of them succeed in compensating for their lack of rhythm by 
some other factor. 

Much closer study of the erratic workers would be necessary before 
anything more definite could be said. 


Х. EXPERIMENT IN INDICATING RHYTHMS TO LEARNERS. 


Following the observations of rhythms produced naturally by. 
typists, an experiment was carried out on the effect of the learner’s 
deliberately adopting a rhythm at the beginning of practice on a new 
word. The experiment consisted in the comparison of two different 
methods of word-drill (i.e. the continuous repetition of one word in order 
to attain automaticity). The first method was that of adhering as far as 
possible to uniform intervals between successive strokes; the second 
method that of adopting a rhythm or pattern of movements, different 
for each word, and indicated before practice began. 

The subjects of the experiment were twenty-one students who had 
been learning typewriting for two terms and were all familiar with the 
keyboard. About half the class had been urged throughout their training 
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to keep to uniform time intervals between successive strokes. The other 
half had been allowed to type in whatever rhythm they preferred, but 
since they worked in the same room and overheard instructions to the 
first half, most of them reported that they had been instructed to main- 
tain uniformity of interval. No difference in efficiency was apparent 
between the two groups. 

Fourteen words were selected for practice and were divided into two 
sets of approximately equal difficulty, as follows: 


Set А: reduced, possible, process, unlikely, necessity, inquiries, en- 
closed. 

Set В: decided, received, furnish, problems, practical, attention, 
position. | 
The students also were divided into two groups, care being taken to 
make the groups roughly equal in efficiency and to include in each an 
equal number of those who had been urged to maintain uniformity of 
interval. Group I practised Set A words uniformly and Set B rhythmi- 
cally; Group II practised Set A rhythmically and Set B uniformly. The 
results show that there was no significant difference either in the two 
sets of words or in the proficiency of the two groups of students. 

Each word was practised repeatedly for a minute and a half, a brief 
pause was made, and the word was again typed repeatedly for one 
minute, this latter period being called the test. The uniform method 
was tried first, with both groups of subjects in the same room. A week 
later the two groups worked apart from each other and the rhythmical 
method was used. With the uniform method the subjects were urged, 
before each period of practice and each test, to maintain complete 
uniformity of time interval between successive strokes; and before every 
other word they listened for a short time to the regular ticking of a 
metronome set at various speeds. With the rhythmical method the 
subjects listened, before each word, to a rhythm reproduced on a buzzer, 
and were instructed to adopt as far as possible that rhythm in their 
strokes. They were told that they might change the rhythm slightly if 
it seemed unsuitable to their fingers. (Only two students reported having 
made changes and those they made were slight.) 

The device for reproducing the rhythm consisted of a gramophone 
motor, working a brass turn-table on which paper discs could be fixed. Each 
disc was punched with holes in a prescribed pattern, aud a wire brush 
pressing against the disc completed an electric circuit at each hole. A small 
buzzer placed in the circuit reproduced audibly the pattern on the disc. 
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The rhythm to be adopted for each word was decided upon chiefly 
on the principle that the interval between strokes made with fingers of 
the same hand is longer than that between strokes made with alternate 
hands. This general principle, however, was always checked by examining 
the rhythm actually adopted by several experienced typists. 

A ‘net speed’ for each subject was calculated. This consisted in the 
average number of strokes made in the one-minute test, minus fifty 
strokes for each mistake. Only one mistake was counted in any one 
word. The penalty for mistakes is of course quite arbitrary, but it re- 
presents the standard adopted for international typewriting contests. 


XI. RESULTS OF THE EXPERIMENT. 


Taken by themselves the changes in net speed which followed the 
introduction of rhythm appear extremely inconclusive. They become 
far more ‘significant, however, in the light of results obtained from a 
rhythm test which was given to the subjects some months before the 
experiment. 

The effects of the prescribed rhythms on the subject’s performance 
may be stated briefly. Twelve subjects had a higher net speed with 
rhythm than with uniformity, and nine subjects a lower net speed. The 
average increase in speed of those subjects who improved with rhythm 
was 38 per cent.; the average decrease of those whose speed dropped 
was 41 per cent. Subjects varied, as the following summary shows, in 
the relative effect of the rhythm on their gross speed and on their 
accuracy: 

Inorease in gross speed and in acouraoy: 6 subjects. 
Increase in gross speed, decrease in accuracy: 7 subjects. 
Increase in gross speed, acouracy unaffected: 1 subject. 
Decrease in gross speed and in accuracy: 4 subjects. ^ 
Deorease in gross speed, increase in accuracy: 2 subjects. 
Decrease in speed, accuracy unaffected: 1 subject. 


These results are insufficient to justify any generalization concerning the 
effects of the rhythms on accuracy. In a short test, chance alone would 
account for fairly large variations. Of those whose accuracy varied 
markedly (the number of errors decreasing or increasing by more than 
20 per cent.), seven subjects increased in accuracy and seven decreased. 

The preferences and opinions of the students themselves were 
obtained in the form of answers to a questionnaire. This yielded little 
information since the subjects were unused to introspecting. The most 
striking feature of the answers was the complete lack of correspondence 


D. W. HARDING 277 


between the method preferred and the method that produced the better 
results. Highteen students answered the questions, ten preferring the 
rhythmical method and eight the method of uniformity. Of the ten 
preferring rhythm, six did better with rhythm and four with uniformity; 
of the eight preferring uniformity, three did better with uniformity 
and five with rhythm. 

The results of the rhythm test already mentioned throw rather more 
light on the differences in the effects produced by the prescribed rhythms. 
This test,.which is not yet standardized, consisted in the subject’s 
striking a number of small targets as rapidly as possible with a metal 
stylus. The test gave scores for deviation and consistency on the same 
principle as those obtained from the typing observations. In this test 
four subjects proved to be erratic (their score for variability exceeding 
the mean of the group plus five times its probable error). In the experi- 
ment these four subjects all gained in net speed when rhythms were 
‘introduced. This was probably due to the steadying effect of having a 
thythm prescribed for them; normally they would never have settled to 
any one rhythm. Five students rhythmized very little (their deviation 
score being less than the mean of the group minus five times its probable 
error), and all these students lost in net speed when rhythm was intro- 
duced. It seems probable that they found difficulty in introducing the 
rhythms, and that the effort of attempting it distracted them and dis- 
turbed their performance. Only one, however, reported any difficulty. 
Possibly they would have done better if they had listened longer to the 
indicated rhythm before starting work. But whether people who are 
naturally poor at rhythmizing can under any conditions benefit from 
having a rhythm prescribed needs to be decided by further experiment. 
Five subjects rhythmized markedly in the test, and of these, three 
increased in speed with the introduction of rhythm and two decreased. 
Seven subjects made an average score in the test; in the experiment five 
increased in speed with rhythm and two decreased. No relation appears 
between the subjects’ preferences as expressed in the questionnaire and 
their performance in the rhythm test. 

With so small a number of subjects for both test and experiment, 
only the general trend of the results can be considered. This seems to be 
that a suitable rhythm of work, indicated before practice begins, is 
valuable to the majority of learners, and that most of those to whom it 
may be detrimental can be discovered by a preliminary test. More 
precise results could probably be obtained with an improved rhythm 
test and improved methods of indicating rhythms. 
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XII. Summary. 


Studies of typewriting show that there is a general tendency for 
typists to form time patterns or rhythms out of their key-strokes. A 
positive relation exists between the degree to which this rhythmization 
is stressed and the subject’s capacity for rapid work. If the subjects are 
divided into a more rhythmical and a less rhythmical half, the former is 
about 13 per cent. faster than the latter (training and experience being 
equal). The relation between rhythm and capacity for speed does not 
hold good for erratic workers, who, though not rhythmical, may type very 
rapidly. Р 

The speed of most learners may be increased if a suitable rhythm із 
indicated for each word before practice begins. The speed of some 
subjects, however, may suffer through the attempt to adhere to a 
prescribed rhythm. Most of these subjects show themselves in a rhythm 
test to be poor at rhythmizing. 


I wish to express my thanks to Dr С. В. Myers for his guidance and 
criticism throughout my work. I am also indebted to the Controller of 
the Money Order Department of the Post Office, to the authorities of 
the City of London College, and to Mr A. С. Marshall, lecturer at the 
College, for granting facilities for experimental work. 
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MENTAL DEVELOPMENT AND MANUAL 
РЕХТЕВГТУ*, 
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I. Description of investigation (p. 279). 
П. Results (pp. 280-2). 
III. Conclusions (рр. 282-3). 


I. DESORIPTION OF INVESTIGATION. 


A SIMPLE test of hand and eye co-ordination known as the Ball-and-Slot 
test has been used as sn index of manual dexterity. The apparatus 
consists of a small glass-covered box which the subject holds in front of 
him in his left hand. The subject is required to insert a small steel ball 
and let it rest on а small platform and then tip the box with a single 
movement so that the ball goes into a specified slot at the bottom. 
Subjects have four practice periods a week for four weeks. Each practice 
period consists of 200 shots and the score is the number of balls correctly 
placed. = 
General mental development has been measured by the Binet-Simon 
(Burt Revision) Scale and the Mental Ratio of each child obtained. 
The average age of the children tested was 13 years. Fig. 1 shows the 
respective practice curves of: 
Group A: 18 children from a Scottish secondary school with average 
mental ratio 103. 
Group B: 33 children from a school for the mentally defective 
(feeble-minded) with average mental ratio 58. 


Both groups worked under the same general conditions and both were 
paid a weekly pocket money of 4d. intended to ensure regular attendance. 


1 The work on which the following results are based has been done with the aid of a 
grant from the Industrial Health Research Board. 
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II. Rzsvuts. 


Tables I'and II indicate the differences between the two groups 
during the practice period. 


Table I. Mean scores in Ball-and-Slot test on first day of each week 


and last day. 
Day ss ae was 1 5 9 13 16 
Normals 114-5 151 163 169 178 
Defectives 82 138 155 164 174 
Difference 32-5 13 8 5 4 
Standard error of difference 8-0 8-9 Tl 6-9 6-9 


Score 





O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
` Days 


Fig. 1. Practice ourves of Group А, 18 normal subjects (M.R. 103) —- 
Group В, 33 mentally defeotive subjects (М.Б. 58) ----- 


If instead of taking scores on successive Mondays as representative, 
we take the average for each week, we may express the result as follows: 


Table II. Weekly average scores in Ball-and-Slot test. 


Week is n А 1 2 3 4 

. Normals 144 164 170 173 

‚ Defectives 114 146 167 173 

' Difference 30 18 3 0 
Standard error of difference 8-0 8:0 7.0 6-5 
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It is possible further to investigate these differences (1) by taking 
out of the normal group the seven worst whose mean score on the first 
day is 82, precisely the same as that of the м.р. group, and (2) by taking 
out of the M.D. group the eight best whose mean score on the first day 
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Days 
Fig. 2. Practice curves of 
11 best normals 8 best defectives == 
7 worst normals - ---- . 25 worst defectives === ~ ~ 


is almost identical with that of the normal group. (N.B. There is no 

significant difference between the mental ratios of the best and worst 

normals in the Ball-and-Slot test or of the best and worst defectives.) 
Tables III and IV give the comparison of their performances. 


Table ПІ. Mean scores on first day of each week and last day. 


Day КА i vee 1 5 9 13 16 
Normals (7 lowest 82 124 143 152 (162)* 
Defeotives 82 138 155 164 174 
Difference 0 = 14 - 12 - 12 (— 12) 
Standard error of difference 9-9 11:3 11:3 8:5 (18-0) 


* 3 subjects only. 
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Table IV. Mean scores on first day of each week and last day. 


Day es sse A H b 9 13 16 
Normals 115 151 163 169 ^ 178 
Defeotives (8 best) 115 159 171 177 186 
Difference 0 - 8 - 8 - 8 - 8 


Standard error of difference 8-0 9-0 6-5 6-1 7-0 


Fig. 2 shows practice curves of four sub-groups: 


(a) 11 best normals in Ball-and-Slot test. 
(6) 7 worst normals in Ball-and-Slot test. 
(c) 8 best defectives in Ball-and-Slot test. 
(d) 25 worst defectives in Ball-and-Slot test. 


The facts shown by these figures are: 


1. That defectives started in this test of hand and eye co-ordination 
very much worse than normals. (Difference between mean scores = 4 times 
8.Е.) 


2. (а) That at the end of three weeks’ practice there is practically 
no difference between defectives and normals in the test. 
(6) That the difference between the groups is reduced to an 
amount not statistically significant after four days. 


3. (а) Those defectives who start as well as the normal group reach 
a higher final score than the normal group. 

(b) Those normals who start as badly as defectives do not reach 
ав high a final score as the defective group. 


IU. бомовозтомз. 


We may perhaps generalize that on the first day of performing a 
kinaesthetic test there will be a marked positive association between 
that ability and ‘intelligence,’ but the association will be smaller on all 
subsequent occasions until at the end of a few practice periods the two 
abilities will be completely independent. | 

This points to the conclusion that the relation between general mental 
development and the factor, whether specific or general, measured by a 
test such as the Ball-and-Slot test may be more complex than the 
ordinary statement of the two-factor theory admits. 

The practical value of these results is still tentative. They are in 
need of confirmation in actual industrial conditions but they at least 


sh 
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suggest applications of some importance to those concerned with the 
training and employment of defectives. 

They have further a practical bearing on the use that is made of the 
results of the tests of kinaesthetic abilities given on one occasion only. 
It appears that where differences in intelligence are negligible, differences 
in first performances are probably a reliable indication of subsequent 
differences (t.e. the reliability of a test such as this is high), but where 
differences in intelligence are marked, differences in the kinaesthetic test 
results will be associated with differences in intelligence, and a correction 
should always be made for the temporary influence of ‘general intelli- 
gence,’ an influence which, at least in a simple operation such as this, is 
obliterated at the end of a relatively small number of practices. 


(Manuscript received 23 May, 1932.) | 
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I. INTRODUCTORY. THE TWO PROBLEMS. 


THE conclusion arrived at in 1922 by Otto Ortmannu), that it is impossible 
to base an adequate psychology of music appreciation on purely auditory 
grounds, is true, even if the physical and psycho-physical or emotional 
elements involved in the affective reaction to musical stimuli are ex- 
cluded. Musical activity can consist only in three forms of human 
behaviour: firstly, in the process of ‘thinking in music’; secondly, in 
the production or the control of the production of actual musical 
sounds; and thirdly, in the conscious reception of music. 

‘Thinking in music’ may vary from the recall of some simple musical 
experience to the complex processes involved in the composition of a 
symphony. However simple or complex the process may be, № must ` 
consist essentially in the recurrence of some form of musical experience, 
and such recurrence may vary from the preservation of some isolated 
auditory fragment to the recall of some part of an organized body of 
musical knowledge, available either as a basis for the appreciative 
judgment of new musical experience, or for the eduction of new correlates 
for the creation of new musical work. 
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An original musical experience must consist either in the actual 
production or control of the production of music, or in listening to 
music, and while the former experience obviously includes a great number 
of processes which are kinaesthetic and visual, the latter experience 
might possibly include visual factors and the recurrence of previous 
relevant motor experience. 

Although it is not as usual to speak of ‘remembering’ motor activities 
in quite the same way as one speaks of the recall of visual, auditory or 
other cognitive events, yet the formation of motor habits may be 
regarded equally as a manifestation of the Laws of Retentivity and 
Association@), which are equally true if worded: “Any kinaesthetic 
event, by occurring, tends to establish a disposition to occur again”; 
and “а sequence of kinaesthetic events, by occurring as a sequence, 
tends to establish a disposition to recur as a sequence.” The process 
of traversing, ‘by rote,’ the same kinaesthetic path until it has been 
trodden into a ‘habit sequence,’ forms so much of human and animal 
behaviour that the Watsonian Behaviourists, arguing from the particular 
to the general, base all human behaviour on this tendency @). Obviously 
true of such activities as putting on one’s clothes, or in the complex 
process of driving correctly from a golf tee, it is hardly leas obviously true 
of such mechanized processes as the learning of poetry or prose by 
constant repetition. The extent to which the tendency to form kin- 
aesthetic habit sequences is a factor in the recall of musical experience 
forms the first problem of this enquiry. 

There is, however, a second way in which the Law of Association, as 
applied to motor behaviour,.may be stated: “А kinaesthetic event and a 
cognitive event, by occurring together, tend to do so afterwards.” 
Physical behaviour, by its very nature, must tend to become associated 
with some change in the environment, and when it is definitely mani- 
pulative, must tend to become associated with some reaction. The close- 
ness of the association between the normal response to some frequently 
performed physical act and the act itself, is best demonstrated by the 
shock which inevitably accompanies the absence of the expected response, 
or which follows some new and strange reaction. An actual experience 
in musical behaviour will suggest the relevancy of this tendency to the 
present enquiry. The present writer, as a child of eight, had already for 
some years studied pianoforte playing, but his experience had been 
‘limited to a few pianos, and presumably, from the ultimate event, all of 
the same pitch. On one occasion he was invited to play when visiting a 
certain house for the first time. He still recalls his shock and amazement 
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on finding that the result of his striking the first notes, produced, not as 
he expected, the chord of G Major, but that of Ab. To the horror of his 
parents he had to abandon the ‘recital.’ This phenomenon of ‘absolute 
pitch’ is, or was at least on that occasion, nothing more than the acquired 
association of a fixed auditory response to a given motor stimulus. 

The second problem is the extent to which ability to recall musical 
experience, in the sense of ability to think in terms of sounds in musical 
relation, is influenced by the recurrence of previous kinaesthetic ex- 
perience in the production of similar sounds and sound relations. 

Of these two problems, the first is the more easily investigated, as it 
applies only to the formation of habit sequences in the actual repro- 
duction of music, while conclusions as to the existence or non-existence 
of the tendency are deducible from generally observable data. The second 
problem demands investigation under controlled laboratory conditions. 


П, THE FACTOR OF KINAESTHETIC HABIT SEQUENCE IN THE 
REPRODUCTION OF MUSIC. р 


There are two forms of music, vocal and instrumental, but the differ- 
ences between the processes involved in the production of either are 
more apparent than real; for the voice is but an instrument controlled 
by physical forces equivalent to the physical manipulation of levers and 
strings involved in the ‘playing’ of artificial devices for the production 
of controlled sounds. In each case, the process of ‘memorization’ con- 
sists in the acquisition of the ability to reproduce the series of physical 
movements necessary for the reproduction of the series and groups of 
sounds presumed to have been ‘memorized.’ The problem is the extent 
to which this apparent memorization is kinaesthetic. 

(a) Vocal music. In the production of vocal music, the necessary 
motor co-ordination is so much more generally, consistently and earlier 
practised, especially in ordinary speech, than is the case in the production 
of instrumental music, that it tends to become mechanized at a very 
early age, and then to be forgotten, so that no conscious control of the 
laryngeal and lingual processes is necessary or desirable in the expression 
of vocal sounds. On the contrary, any consecutive fluency in speech or 
song obviously necessitates that the complex motor processes involved 
in the utterance shall have become so mechanized that the whole of the 
mental energy shall be available for the thought to be expressed. It is 
only when some new sound has to be produced, such as a French ‘u, 
that the motor processes involved once more demand conscious guidance. 
One of the most curious and interesting examples of the conscious effort 
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to control the production of vocal sounds by the deliberate modification 
of physical behaviour is the conventional instruction given to students 
by teachers of singing. The pupil is instructed “to bring the notes more 
forward," “to produce the notes more in the head” or “less in the nose,” 
“to avoid tightening the muscles of the neck,” or “to lower the head and 
widen the mouth as in laughing to produce a high, soft note.” It is 
obvious that the effective rendering of any vocal work would be seriously 
imperilled if not quite impossible until the various muscular contortions 
regarded as essential to the production have become as mechanized as 
those in ordinary speech. 

Vocal music consists of a series of single sounds in musical relation, 
and demands, therefore, for its production, a series of motor processes. 
It is generally accepted, and demonstrable from general human ex- 
perience, that the repeated performance of any kinaesthetic series tends 
to establish a disposition for the whole series to become mechanized as 
a motor habit sequence, and the same tendency is demonstrable as being 
true of the production of vocal music. The detestable but unavoidable 
tendency to continue to go over and over again some tune or section of 
& tune, once the process has been stimulated, to traverse the mechanized 
route ad nauseam, not only without conscious direction, but in opposition 
to the desire, is a generally known experience, popularly known as 
"having a tune on the brain.” 

The following experiment was performed to investigate the extent 

to which this kind of music ‘memorization’ consists in, or depends on, 
the establishment of kinaesthetic habit sequences. A group of fifty 
school children and one of forty adults were asked: “How many notes at 
the end of ‘God Save the King’ go in the same direction?” The subjects 
were then asked: “In order to answer the question, did you hear the 
‘tune in your mind, or did you have to sing it to yourself, or what hap- 
pened?” Three of the adults answered that they had “played the tune” 
to themselves; all the children and the rest of the adults had “sung the 
tune to themselves.” There is little doubt that anyone who was asked such 
в question for the first time, that is, who did not already know, would 
have to adopt some such kinaesthetic procedure, rather than try to 
recall some previous auditory experience of the tune. The relative value 
of auditory images and recurrent kinaesthetic experience as factors in 
musical thought is more fully investigated in Section III. 

While it is undeniable that motor habit sequences do play a great 
part in the ‘recall’ of vocal musical experience, it would be fallacious to 
assume, as do the Behaviourists@), that all musical recall, or even all 
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vocal musical recall, is, therefore, of this kind. In the memorization of 
vocal work, one must assume the possibility of reproducing in actual 
sounds some purely auditory experience; to sing immediately a given 
passage which has only been heard, as it is possible to repeat a passage 
of prose or poetry after it has been heard. Important factors controlling 
the ability in the case of the prose or poetry would be the length of the 
passage, the number of times it was heard, and the intelligibility of the 
passage!, The ability to reproduce a single given sound seems the irre- 
ducible minimum of any form of vocal ability, and itself consists in the 
physical reproduction of an auditory experience. That a short melody is 
similarly capable of immediate reproduction is assumed as the basis of 
the method of teaching songs to classes of children, as recommended by 
the Board of Education?. The experimental investigation described in 
Section III, however, shows how limited is the ability to recall accurately 
any but the shortest and simplest of passages which are only presented 
auditorily. Owing to the general tendency of а singer to associate 
immediately and unconsciously the requisite physical movement with a 
given sound, as in ordinary speech, it is difficult to compare experi- 
mentally the relative efficiencies of auditory and kinaesthetic methods 
of learning new vocal material. Rather from the interest of the intro- 
spections than from any scientific value that the experiment had, the 
following account of a tentative experiment on these lines is inserted. 

A professional singer with some introspective experience was asked 
to listen to a tune, and as far as possible to avoid singing it to herself. 
She was told that she would be asked, after each hearing of the tune, if 
she could remember it well enough to sing it, and to make any relevant 
introspective comment. Later, a similar tune was presented, and she | 
sang it, after it had once been played through, at each subsequent 
presentation. The two tunes, No. 330? and No. 3494, second tune, from 
Songs of Pratse, 1931 edition, were chosen as having the same metre, 
similar rhythm, and about the same number of notes. To eliminate the 
visual factor, the subject was not allowed to see the score. The following 
is the record of the experiment. 


„ией. (After the first presentation of the tune.) “I haven't the slightest idea of 
it. 


1 Vide experiments by Prof. О. W. Valentine «4. 

2 "Until adequate proficiency in reading is obtained, the learning of songs should be 
mainly by ear" (». 

3 “Diva Servatrix," Bayeaux Churoh Melody. 

* “Iste Confessor," Rouen Church Melody. 
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(After the second.) “One part of the tune seemed unusual, rather extraordinary; 
I find it very difficult not to sing to myself as you play the tune; this involves real 
definite effort; I couldn’t possibly sing it yet.” 

(After the third.) “I know how it starts, now, and I didn’t notice the extra- 
ordinary part so much; I think one part of the tune is repeated.” (N.B. No phrase 
in the tune occurs twice.) 

(After the fourth.) “І couldn’t sing it through even now. I know how it finishes." 

As the tune was begun for the fifth time, she laughed; at the end of the fifth 
repetition she tried to sing it, but was herself astonished at the completeness of her 
failure. She sang the first two bars accurately, but with some hesitation, then 
paused; she sang the last four bara, the 10th to the 14th, accurately and with con- 
fidence; she then reproduced inaccurately the 7th and 8th bars, but correctly re- 
produced the cadence which formed the 8th bar. She made the following interesting 
comment: “You don’t know whether you know it or not until you try to sing it.” 

(After the sixth.) As before, the first two bars were followed by the last four, 
sung even more definitely than before. 

(After the seventh.) The same six bars were again sung, and the testee said, in 
desperation: “I can’t learn it.” 

After the preliminary presentation of the second tune, the testee said: “That 
tune is more difficult than the other.” After singing it through twice as it was played, 
she sang it through alone with two prompts, and then repeated the whole tune 
correctly. 

On the following day, she was asked how much she could recall of either tune. 
She again recalled and connected the first two and last four bars of the first tune, 
but sang through the second tune accurately, thus recalling in each case the parts she 
had sung on the previous day. 


(b) Instrumental music. More definite light is thrown on the problem 
by the investigation of the processes and methods of memorizing 
instrumental music. The reproduction of instrumental music may take 
two entirely distinct forms: firstly, it may consist in the reproduction, 
on some instrument, of the gist of some recalled auditory experience, 
such as the melody of a song, or some simple melodic work; or secondly, 
it may consist in the accurate memorization of a musical work. The dis- 
tinction between the two processes can best be made by making further 
use of the verbal analogy. The first is essentially equivalent to the ability 
to re-tell а story or recount an experience “in one's own words.” It 
involves the ability to “think in the language.” As in music it involves 
the existence of sufficient experience in the actual production of musically 
related sounds to have established immediate and mechanically function- 
ing associations between the sounds recalled and the kinaesthetic pro- 
cesses involved in their reproduction, the processes involved in this form 
of the reproduction of music are those discussed in Section III of this 


paper. 
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The second process is essentially equivalent to the accurate recitation 
of some literary passage which has been deliberately and consciously 
memorized. While it may be possible to reproduce vocally, or on some 
other melodic instrument, some simple auditory musical experience, the 
accurate reproduction of anything but the simplest instrumental music, 
from auditory experience alone, is literally impossible. The factor of 
technical difficulty, present in the production of music even from those 
instruments capable of producing only one note ata time, must necessitate 
that the ‘memorization’ of such music shall be the recurrence of the 
actual production of the passage. Any but the most extremely simple 
instrumental music can only be ‘memorized’ by the frequent repetition 
of the actual production of it; т.е. by the formation of a kinaesthetic 
habit sequence. As a corollary to the law of motor association, that the 
occurrence of a sequence of motor events tends to establish a disposition 
for the recurrence of the sequence, so the formation of any such mechanized 
habit sequence demands the frequent performance of the sequence for 
its establishment. The ‘memorized’ reproduction of a complex musical 
work, consisting as it does, in the ‘memorized’ performance of a highly 
complex series of physical movements, must at least have included, as 
a factor in the process in the acquisition of the achievement, the frequent 
repetition of the whole series involved. The reliance placed on this 
kinaesthetic factor may be illustrated in many ways from the experience 
of any student of instrumental music: by the difficulty generally ex- 
perienced in the eradication of errors which have become mechanized by 
constant repetition; by the difficulty generally experienced in beginning 
a passage at an unusual place; by the tendency of a ‘prompt’ at the 
beginning of a ‘forgotten’ passage to stimulate the recurrence of the 
series, or by the difficulty of changing an acquired method of ‘fingering’ 
а given passage, for another method of producing the same passage. 

The following extracts from a standard work on pianoforte tech- 
nique (6), selected at random from a group of similar works, further 
illustrate the importance, in practical musicianship, of the formation 
of motor habits, which can be left to function without conscious 
direction: 

In degree, as there is consciousness of physical means during a performance, by 
so much will a performance fall short of its best....All conscious thought is to be 
directed to the imagination of sound; the physical efforts necessary to materialize 
these imaginings must be в subconscious muscular response to the desire of the 
mind....Praotice requires conscious attention to the best means and physical 


conditions, leading gradually to the most complete subconscious reproduction of 
these various physical sensations during performance. 
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It would again be fallacious to assume that, because so much of 
the ‘memorization’ of musical works is the acquisition of kinaesthetic 
habit sequences, therefore the whole process is kinaesthetic, or that the 
performance of a great work can be nothing more than the mechanized 
antics of a physico-chemically reacting robot. There are also the auditory 
factor, presumably strengthened by the repetition of the auditory 
experience which must accompany each ‘practice’ of the work, the visual 
factor of the printed score, and, in some cases, the assistance possibly 
afforded by the ability to make a structural or harmonic analysis of the 
work. 

Jt can, however, be safely concluded, that the act of reproducing a 
‘memorized’ musical work consists essentially in the acquisition of a 
mechanized kinaesthetic habit sequence, and that any reliance on purely 
auditory experience would be so restricted as to be almost negligible in 
practice. 


ПІ. THE FACTOR OF KINAESTHETIO ASSOCIATION IN THE REOALL 
OF MUSIOAL EXPERIENCE. 


The second problem is the extent to which ability to recall musical 
experience, in the sense of ability to think in terms of sounds in musical 
relation, is influenced by the recurrence of previous kinaesthetic experience 
in the production of similar sounds or sound relations. It is self-evident 
that the ability to reproduce, vocally or instrumentally, any given sound 
not only involves, but actually consists in, the immediate association 
of that particular sound with a previous motor experience; the performer 
must know which particular event will produce the given sound, or 
recall the sound which will result from a given motor stimulus. “Those 
who, while singing, trust for guidance to the ear only, should be reminded 
that the ear, perceiving the sound after its production, is merely able to 
judge of its effect, and cannot possibly influence its cause (7). This truth 
is even more obvious when applied to instrumental music. 

The existence of any such associations assumes the existence of 
previous experience in the actual production of sounds in musical 
relation, experience capable of almost infinite individual variation. The 
ability to produce vocally sounds in definite pitch relation is, to a limited 
degree, fatrly general. Any experience in the production of harmony 
must necessarily be limited to the ‘players’ of those instruments capable 
of producing simultaneously more than one sound, or to the control, or 
conducting, of а group of singers or instrumentalists. The ability to 
produce sounds in temporal relation, $.е. to produce rhythmic patterns, 
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is fairly generally practised in a multitude of forms, varying from the 
vague ambling characteristic of the modern ballroom habitués, to the 
complex tympanic orgies of the Sarawak Malays. To obtain evidence of 
the influence of this kinaesthetic association on the ability to recall 
sounds in definite musical relation, the following experiments were 
devised. 

Form of investigation. The first experiment comprised a group of 
tbree tests, partly objective and partly subjective, which were submitted 
firstly to a group of fifty school children, whose ages ranged from 10 to 
14 years. The second experiment consisted in the resubmission of the 
tests in a modified and extended form, firstly to a small group of six 
trained psychologists from the Birmingham University Psychological 
Laboratory, and secondly to a group of forty students of the Dudley 
Training College. In all the tests, the questions were asked orally, and 
the replies were written by the subjects. The tests employed in Experi- 
ment I were: 

(a) & musical recall test, partly objective, partly subjective; ' 

(b) a group of introspective, non-musical imagery tests; 

(c) a group of intelligence tests for correlation purposes. 

(a) The musical recall test was an extension of that employed by the 
writer in a previous investigation (8), with the addition of a number of 
introspective questions. The subjects were asked to listen to a tune which 
was either played on а piano, violin or flute, or sung. After the experience 
of listening to each tune, the testees were asked to write answers to & 
number of questions involving some analysis of the recalled experience, 
the questions being unexpeoted and varied. The testees were then 
asked the following questions: 


(1) At the time you heard the tunes, did you notice sufficient facts about them to 
enable you to answer the questions, or did you have to Pics the tune in order to 
answer them? 

(2) When you recalled the tune, did you “hear it in your mind,” clearly, vaguely, 
or not at all? 

(3) Did you hear it, if at all, as a mere tune, or did you hear it as a piano tune, a 
violin tune, a whistled tune, or & sung tune? 

(4) Was it easier to recall the tune when it was played on one instrument or sung, 
than when it was played on others? If so, which? 

(5) Did you recall one part of the tune more easily than the rest? lf 80, which 
part or parts? 

(6) Did you sing the tune to yourself? 

(7) Were you helped to recall the tune by recalling the sight of me playing it or 
singing it? 
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(b) The tmagery tests consisted of a group of three non-musical 
introspective tests, referring to auditory, visual and motor experience 
respectively. The subjects were asked to state whether they could recall 
a certain sensory or perceptual experience, clearly, vaguely, or not at all. 
In certain cases they were asked questions to test the completeness or 
accuracy, Or genuine nature of the recalled experience. These tests related 
to experiences which were likely to have happened to every subject so 
frequently as to have established marked tendencies to recur. They were, 
moreover, experiences of a simple nature, in the sense of having relatively 
few relevant and essential characters, as far as possible limited for their 
original perception to a single sense. The object was to give every 
facility to the formation of ‘clear images,’ and, by evaluating the assumed 
ability to recall such perceptual experiences, to compare these values 
with the measures of the “ability to analyse recalled musical experience. 

(с) The intelligence tests used were the Opposites Test, the Classification 
Test, and the Completion of Numerical Series Test. 

For the second experiment two tests were devised. The material of the 
first test comprised a number of ‘nonsense’ tunes, of three, four, five or 
seven notes, all of equal duration so as to avoid rhythmic pattern, and, 
' ав far as possible, avoiding conventional melodic sequence, or suggested 
' harmonie relation. After each tune had been played, each time on a 
‚ piano, the testees were simply asked to recall the tune, and write down 

. any relevant introspections as to the character, limitation or process of 
recall, 

The reasons for the inclusion of this experiment were: (1) the frequent 
references in the introspections of the first group of subjects to the 
inability to recall long tunes, although the longest example was a rhythmic 
‘example of nine notes only; (2) the suggestion that the rhythmic pattern 
of the tunes was recallable when divorced from the pitch of the notes. 

The second test employed a number of chords and arpeggios. Questions 
involving careful introspection followed the playing of each example. 
Typical questions were: “How many notes were there in the chord?” 
“Can you hear them now?” “Do you hear them, if at all, as a chord, or 
do you hear the notes separately?” “Can you still hear the example I 
played last?” “Does any note stand out more clearly than others, if во, 
which?” “Do you employ any form of ‘motor image’?” “Can you hear 
the notes of a chord without motor assistance?" ' Write down any further 
introspective findings." This experiment was performed only with the 
adult groups. 

Four specially constructed tunes were employed in Test I, Experi- 
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ment I, on its submission to the adult group of Dudley Training College 
students. Of these tunes, the first and third differed only in two parti- 
culars; the fourth tune was a diatonic variation of the second. 

The complete tests are given in the Appendix. 


IV. ANALYSIS OF THE INTROSPECTIONS. p 

(a) The children’s group. To the first introspective question, asking 
if it had been found necessary to recall the tunes in order to answer the 
questions, or whether sufficient facts had been noticed at the time of 
the experience, every testee in the children’s group replied, on the 
second submission of the test, that it had been necessary to try to recall 
the tune. Nine of the fifty, when the test was first submitted, replied 
that they had “noticed when it was played.” 

To the second question, asking whether the tune had been recalled 
‘clearly,’ ‘vaguely,’ or ‘not at all,’ the replies were as follows: 

37 replied ‘clearly’ in the first test, ‘clearly’ in the second; 


5 ,,  ‘olearly’ v; ‘vaguely’ 5 
7 4 ‘vaguely’ 35 ‘vaguely’ oe 
l , ‘vaguely’ РЕ ‘clearly’ эз 


These replies were qualified in twelve cases in four ways: 


4 replied that “some were clearer than others"; 

6 replied that they could not recall the long ones; 
1 replied that “only parts were remembered"; and 
1 found it easier if she cloged her eyes. 

An analysis of the replies to the third, fifth and sixth questions 
throws an interesting light on the nature of these assumed clear ‘images.’ 
Of the hundred replies to question No. 3, fifty-five stated that the tunes 
were recalled not as piano, violin or whistled tunes, but as ‘mere’ tunes, 
while 33 per cent. stated that the tunes were recalled as sung tunes. 
As the auditory element in the initial experience consisted in the hearing 
of a tune played by one or other of those three instruments, or sung, 
the recall of the tune as a ‘mere’ tune, divorced from the medium in 
which it had been heard, suggests that this recall was not a recurrence of 
that element in the experience at all, that it was not an auditory image 
of the experience. In reply to the sixth question, “Did you sing the tune 
to yourself?” every testee answered affirmatively. The deduction is 
suggested that the testee does not rely on any genuine auditory image, 
but translates the experience into more easily recurrable motor impulses, 
which would account for the tune’s being heard as a ‘mere’ tune, or аз 
& sung tune, and во rarely as а violin, piano or whistled tune. 

To the question: “Did you usually recall one part of the tune more 
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easily than the rest, and if so, which part or parts?” only six testees 
claimed to have recalled the whole tune, ‘quite clearly’ being added in 
one case; but of these four achieved the bottom four places in the ranking. 
42 per cent. claimed, on each paper, to recall the beginning most easily; 
10 per cent. best recalled the end; and, excluding the six testees already 
mentioned, the rest wavered in the two papers between the beginning 
and the end. 

92 per cent. found it helpful to recall the appearance of the performer; 
the others were undecided, but no one twice denied the suggestion. 

No consistent or very satisfactory replies were given to the other 
question, No. 24, asking whether it was easier to recall the tune when it 
had been presented on one instrument than another. Almost every 
testee gave alternative possibilities on one paper, only to alter his 
decision when replying to the same question on the resubmission of the 
test; but this very indecision is illuminating, in that it suggests still 
further evidence that the medium in which the tune is presented is 
rapidly forgotten, if not completely ignored, and the tune recalled by 
motor processes as а ‘mere’ tune. 

(5) The adult group. The analysis of the replies both of the trained 
psychologists and of the forty adult students reveals the same inadequacy 
of any auditory imagery, and the same tendency to translate the auditory 
experience into kinaesthetic processes. All the testees found it necessary 
to try to recall the tune in order to answer the questions. The nature of 
the recalled experience was judged to be às follows: 

2 professed to have had clear auditory images; 

7 » Е ‘fairly clear’ images; 


8 » ДУ vague or very vague images; 
22 had ‘sung or played the tunes to themselves’; of these, 10 had had vague 
images, 12 had experienced no auditory image. 


Of the two who claimed to have had clear auditory images, E. C. 
had only succeeded in answering five of the seventeen analytical questions 
correctly, and in answer to the question “Did you employ any form of 
motor 'image'?" replied “Yes, manual.” E. S. М. achieved the lowest 
score but one, answering four only of the questions correctly. 

By evaluating the assumed reliance on clear images, and correlating 
with the score gained for accuracy of the analysis of the recalled experience, 
the result was the negligible coefficient of — 0-07. 

In reply to the questions: “Did any part of the tune linger for any 
time as an auditory image?” and “Did you usually recall one part of 
the tune more easily than the rest, and, if so, which part or parts?" 
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36, i.e. 90 per cent., limited any definite perceptual recurrence either to the 
beginning or the end of the tunes; 
1 recalled best the ‘middle’; 
1 said that nothing remained as an image for more than half a minute; 
2 recalled аз an image only the “slight variation produced by the quicker 
notes.” 
No testee claimed to recall the whole tunes or a whole tune. 


In answer to the question: “Did you recall the tunes as ‘mere’ tunes, 
or as ‘sung’ or ‘played’ tunes?” 
18, i.e. 45 рег cent., recalled the tunes as ‘mere’ tunes; 
7 recalled them as ‘sung’ tunes; 
1 recalled them “as music on & mental staff"; 
1, A. M. D., answered quite definitely: “The piano tunes seemed to be trans- 
lated into sung tunes.” 


In answer to the questions: “Can you hear any of the tunes or parts 
of the tunes now?” and “Did you find some tunes more difficult than 
others? If so, why do you think it was во?” 


19 claimed still to hear the tunes, but 16 of these had had to sing them ‘to 
themselves’; 

18 could hear only vague sections; 

the 3 remaining subjects, for whom the whole had faded, included the 2 who 
had originally claimed to have had ‘clear images.’ Only 7 stated that no tune 
had been found more difficult than the others. | 


Tt seems reasonable to suggest, in passing, that any difficulty in the 
recall of an auditory experience which is due to the inter-relationship 
of the elements of the experience negatives the assumption that the 
recall is an auditory image at all, for a genuine auditory image, being the 
recurrence of a perceptual experience, would occur or not occur regard- 
less of the inter-relation of its constituent elements. 

‘The suggested reasons for the relative difficulty experienced in re- 
calling some of the tunes are interesting. Some found the second and 
fourth tunes more difficult than the other tunes because they contained 
notes of unequal duration. Reference was made to the “unexpected 
nature of the fourth tune,” “the tune which jumped about.” 
‘Expectancy,’ in this connection, can only mean that certain sound 
relations have been experienced by the subject, in conventional asso- 
ciation, with sufficient frequency to have established a disposition for 
the occurrence of one to recall the habitually associated relations or 
correlates. This suggests further evidence of the importance of habit 
formation in the processes of recall, and of the relative futility of reliance 
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on the perceptual recurrence of a new auditory experience. Several 
references were made to the length of the examples, as constituting a 
factor of difficulty in recall, although in this case the longest example 
contained only eight notes in melodic sequence. 

The introspections following the playing of the short non-thythmic 
tunes, in the supplementary experiments carried out in the Birmingham 
University Psychological Laboratory, confirm those of the students’ and 
children’s groups. Typical introspections were: 

Е. M. A.: “Something of a unity remained for some time, then faded completely, 
and I could get no auditory image when I tried. An attempt brought a visual image 
of the piano.” 

. “Unable to get any recall beyond a vague pattern. This has now faded com- 
letely." 
ў po “T could hear the last note as an image, or rather as a perseveration of the 
experience. І can sing the whole tune to myself, but it is unrecallable as an image, 
in the sense of a recurrence of the auditory experience. I recall the tune as something 
I have sung.” 

Е. Е. М.: “Last note remained for a short time. Then the tune was vaguely 
recalled. I found myself singing it to myself.” 

“T have a deaided motor ‘image’ of my fingers moving.” 


The recall of harmony. 


The introspective analysis of the processes involved in recalling 
chords, ?.e. sounds of different pitch heard simultaneously in harmonic 
relation, demands experience both in the recall of such sound structures 
and in the effort to analyse the process of such recall. As neither is a 
common experience, it is difficult to obtain much reliable information 
on this kind of recall. 

If the recalled harmony is merely the recurrence of a perceptual 
experience, the recall of a chord heard, +.е. an auditory image of a chord, 
the notes would be heard together as a chord, as they were presented. 

If the experiencer, however, has acquired the'ability to reproduce on 
some instrument, such as a piano or organ, the chord he has heard, the 
tendency to utilize this associated kinaesthetio experience, in order to 
think in terms of harmony, would be unavoidable, and such a subject 
might recall harmonies either as chords or as arpeggios. 

~ When a subject has no instrumental experience and has no kinaes- 
thetic associations other than vocal ones, any harmony recall which is 
not purely auditory must be in the nature of an arpeggio, $.е. a series of 
sounds, as the voice cannot produce a chord. 

In thinking of a series of chords, my own general tendency appears 
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from introspection to be to subvocalize the highest notes of the series 
and to experience those kinaesthetic manual impulses which would be 
involved in playing the actual harmonies, while the ‘root’ series frequently, 
but not always, tends to occur as & series of ‘pedal’ impulses. While the 
whole process is essentially kinaesthetic, I am aware of the sounds which 
would occur if the motor impulses experienced were allowed to materialize 
as stimuli of the appropriate mechanism. 

The following introspective analysis by Dr Austin suggests a similar 
conclusion: “I recall the chord as а chord without sound, or rather 
without concrete sound; any auditory image is very vague, if it exists at 
all; I employ motor imagery to build it up.” 

Although the introspections of the students in reply to the questions 
on harmony recall show a not unnatural hesitancy and uncertainty, they 
definitely tend to emphasize the reliance on acquired motor associations 
rather than on auditory imagery. 

Twenty-nine of the forty claimed to have recalled the harmony as & 
chord and not as an arpeggio, but twenty-five of these recalled either the 
highest or lowest note more clearly than the other notes. This can only 
mean that the recall, inasmuch as it differed from the original experience, 
was not a purely perceptual recall, $.е. not a simple auditory image, and 
the special prominence of either the top or bottom note must have been 
due to kinaesthetic reinforcement, probably vocal. 

Only ten of the forty disclaimed the use of motor help in. the recall, 
and it was not unnatural that these should have claimed to recall the 
experience as & chord and not as an arpeggio. 


General conclusions suggested by the introspections. 

From the introspections both of the children and of the adults, there 
can be no reasonable doubt that some form of associated kinaesthetic 
recurrence, either vocal or manual, or even pedal, is an essential factor 
in the adequate recall of auditory musical experience. Any purely 
perceptual recall, ч.е. an unaided auditory image, is vague, fleeting, 
fragmentary ; limited to the shortest of melodic passages, or to the mere 
perseveration of the last few notes. The experiments suggest that the 
general tendency is to translate the fleeting auditory recall immediately 
into those appropriate kinaesthetic impulses which previous experience 
has inseparably connected with the associated sounds. It is deducible 
that not only does the sound tend to stimulate the appropriate motor 
association, but that the process of thinking in terms of sound is essentially 
a process of ‘thinking’ in recurred kinaesthetic experience. 
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The results of the three tests employed in the children’s experiment, 
the recall test, the imagery test and the intelligence test, were subjected 
to statistical analysis. The method adopted and the results are discussed 
in Section У, 


У. STATISTICAL ANALYSIS. 


Method and reliability of analysis. A difficulty in the accurate 
evaluation of the results of the kind of auditory recall test employed in 
this investigation is that the measurement of the ability to recall includes a 
measure of the ability to educe the various relations of pitch and rhythm on 
which the questions were based. To eliminate this factor, the following pro- 
cedure was adopted. A school was chosen for the experiments where skilled 
and interested attention was given to musical training. A selected group 
was then tested in rhythm and pitch differentiation, the tests employed 
being those published in the British Journal of Educational Psychology, 
vol. т, pp. 313-21, Test Series A and B. The standard of achievement was 
exceptionally high, the mean score of the pooled tests being 86-2 per cent. 
On the first submission of the tests the mean score for pitch differentiation 
was 89-4 per cent., and as high as 90-4 per cent. when the tests were 
resubmitted. Only those testees who obtained at least 80-0 per cent. 
in the pooled tests were admitted to the subsequent tests on recall. 

The testa in eduction and the recall tests were submitted twice, 
and provided respectively reliability coefficients of 0-84 + 0:026 and 
0-76 + 0-040. The Imagery Tests were evaluated by awarding a score 
of 2 for a ‘clear’ image, 1 for a ‘vague’ image, and 0 for ‘no image.’ 

The correlation coefficients were calculated by the product-moment 
formula; age was partialled out. 


Table of wntercorrelations. 
Imagery tests 
Auditory 

| recall Auditory Visual Motor g 
Auditory recall — 000-098 —0-14-L0-088 0-18+0:088 0-63 --0-064 
Auditory imagery 0-00 — 0:37 -0-077 0-38+0-077 - 0-14 --0-088 
Visual imagery -0-14 0-37 — 0-204-0-085 0-03 +0:089 
Motor imagery 0-18 0-38 0-20 — — 0:14 +0:088 
g 0:53 -0-14 -0-03 – 0-14 — 


The scores of the Imagery Tests, while showing positive and signi- 
ficant intercorrelations, exhibit no such tendencies with anything else, 
but decided tendencies to negative or insignificant correlations with ‘g, 
а result which corroborates the findings of Miss Carey (9), Dr Aveling 10) 
and others. E 
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The results of Whipple’s (ш) and other investigations are corroborated 
by the lack of significant correlation between the analytical recall tests and 
the imagery tests?. 

One of the most striking coefficients in the above table is that 
indicating the high degree of correlation shown in this experiment 
between the scores gained in the recall tests and the ‘g’ tests. In the 
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Fig. 1. Figure showing independence of age-imagery curve. 
hope of eliminating the factor of ability to educe from the measurement 
of the ability to recall, only those testees who obtained over 80 per cent. 
in the pooled perception tests were admitted to the recall tests. If, 
however, the suggestion already made is true, that the accuracy and 
content of recalled experience depend mainly on the accuracy and content 
of the actual experience, the procedure adopted would only have the 
effect of raising the standard of the scores gained in the recall tests, and 
of making these scores more closely approximate to those which would 
have been gained had the tests been submitted as mere perceptual or 
eduction tests. In other words, the greater the perceptual efficiency, 
the less is the measurement of the accuracy of recalled experience likely 
to be a measure of anything other than the ability to educe the relevant 
relations. The truth of this is further evidenced by the unexpectedly 
1 See also «13. 
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high correlation of 0-71 + 0-047 found between the Scores of the recall 
tests and the perceptual discrimination testa, and by the lack of positive 
correlation between the recall and the imagery tests. 

Curves showing the mean scores in each of the testa gained by each 
age group were plotted. While they have no value as indications of the 
influence of age on the development of the abilities owing to the selection 
of the testees, they very definitely corroborate the previous evidence аз 
to the parallelism of the curves, as suggested by & previous investigation 
made by the writer(8) and illustrate the independence and consistent 
rise of the imagery curve. 


VI. SUMMARY OF RESULTS AND CONOLUSIONS. 


1. The results of the investigation suggest that auditory imagery is 
a relatively negligible element in the recall of musical experience. It is 
fleeting and elusive, fragmentary and vague, and limited in content to 
the attributes and relations cognized at the time of the original experience. 

2. A far more important aid to music recall seems indisputably to be 
some form of kinaesthetic recurrence. This may function in two Ways: 
either as a mechanized motor habit sequence, or as the immediate 
recurrence of those kinaesthetic impulses which have become associated 
to given auditory experience. 

3. The ‘memorization’ of music, for the purpose of instrumental or 
vocal reproduction, seems mainly to consist in the formation of a motor 
habit sequence, and any reliance on auditory experience alone seems to 
be во restricted as to be negligible in practice. 

4. The results of the experiments further suggest that purely per- 
ceptual auditory recall is equally inadequate as a factor in the process 
of ‘thinking in music,’ especially in the recall of harmony, and suggest 
that the ‘thinking’ tends generally to include the recurrence of associated 
kinaesthetic experience, and frequently seems to consist almost entirely 
in the recurrence of such motor associations. 
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APPENDIX 
TEST SERES D. EXTENDED TESTS ON RECALL OF MUSICAL EXPERIHNCR. 


Test 1. Melodic recall. (Submitted to Children’s Group.) 


It is essential that the subjects do not know what questions they are going to be 
asked, when the tune is being played. Allow ten seconds after each fune before 
asking the questions. 

1. Tastee: І am going to play three little tunes. Listen: 

u) 


ЕЕ 


Now think over that tune in your mind. (Allow ten seconds.) Now listen again: 


= 
Gii) 
се ЕЕ 


Waa the last tune I played the same аз the first or second tune I played, or was it a 
different tune altogether? 


2. How many notes were there in the last tune I played? (It must not be played 
again, even if no one can answer the question.) 


Qv) 


I E ====== 


How many notes were there in that tune? 
4. Did the first two notes go up, or down, or were they the same? 


(v1 





D. Listen again: 


What kind of beating would suit that tune best, 2, 3, or 4? 
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6. Listen again: 





How many notes were the same at the beginning? 
7. How many notes were there altogether? 
8. Was it in 2, 3, or 4 beate? . 
9. Did the last two notes go up, or down, or were they the same? 
10. (For this example use & violin.) Listen again: 


Did the last two notes go up, or down, or were they the same? ' 
11. How many notes at the beginning were the same? 
12. (Again on the violin.) Listen again: 
wäit) 


Have I played that tune before? 
13. How many notes were there in it? 
14. (For this use a flute, or fife or whistle.) Listen again: 





Did the first two notes go up, or down, or were they the same? 

15. Have I played that tune before? 

16. (Play same tune again on the piano.) If I have played that tune before, on 
what instrument did I play it? 


17. (Sing the following example.) 
(х) 


SSS 


Which was the highest note, the first, second, third or fourth? 
18. Did the last two notes go up, or down, or were they the same? 


19. (Sing the example played in No. 1.) How many notes were there in that 
example? 
20. If I have played it before, on what instrument did I do so? 
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Test 2. Modified test as submitted to adults’ group. 


Puxo: 





1. Recall the tune. Did the first two notes go up, or down, or were they the 
same note repeated? * 


2. How many notes descended at the end? 
3. Are the first and last notes the same? If not, which is the higher? 


4. Was the passage in duple or triple time? 


(xà) 


Prano: 





. How many notes were there in that passage? 
. How many notes descended at the beginning? 
- Which was the highest note? 


8. What relation existed between the first and last notes? Say simply whether 
they were the same, or which was the higher. 


atv 


Md Cc C 






Voro: 


$ 


9. Enumerate any differences you can recall between that tune and the one I 
played first. 


10. How many notes were there? 


11. Did any note occur more than once? If so, which? 


Voron: 





12. Enumerate any differences you can recall between that tune and the second 
I played. 


13. How many notes were there? 


14. Did any note occur more than once? If во, which notes were the same? 


The introspective questions are included in the text. 
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Test 3. ‘Nonsense’ tunes used in the supplementary test. 





Test 4. Harmonic recall test. 
1. How many notes were there in that chord? 
2. Can you hear them now? 
3. Do you hear the notes, if at all, as a chord, or do you hear 
them separately, as an arpeggio? 
4. Can you still hear the example I played last? 
5. Does any note stand out more clearly than the others? If 
во, which? 
6. Do you employ or experience any form of motor ‘image,’ either vocal or 
manual? 
7. Can you hear in your mind two or more notes exactly together? 





8. If you think you can, is one more prominent than the other? Or do you hear 
them equally clearly and with equal intensity? If not, which is the clearer, the higher 
or the lower? 

9. Can you hear a chord in your mind without motor assistance? 


TEST SERIES E. NON-MUSICAL IMAGERY AND REOALL TESTS. 


Test 1. Auditory imagery. 
1. Think of the sound made by а dog barking. Can you hear it in your mind, 
clearly, vaguely, or not ab all? 


2. Did you think of any partioular dog or not? 
3. Could you see the dog in your mind when you heard it bark? 
4. Was it a loud, savage bark, or a little yap, or how could you describe it? 


Say whether you can hear in your mind clearly, vaguely, or not at all the following 
sounds: : 
b. The sound made by a horse when running along а hard road. 


6. The gound made by & wet cloth flung on to a floor. 
7. The sound made by a ruler drawn along railings or a radiator. 
8. The sound made by sawing wood. 
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9. The sound made by thunder. , К 
10. The sound made by a clock striking. 
11. Was it а particular clock you heard, or was it just any clock? 
- 12. Did it chime or just strike? 


Test 2. Visual imagery. 

Where possible, answer ‘clearly,’ ‘vaguely,’ or ‘not at all.’ 

13. Can you see in your ‘mind’s eye’ a man’s silk hat? 

14, Was it much taller than it was wide? 

15. Can you see а, tree? 

16. Was it a big tree or a little tree? 

17. Were there leaves on it? 

18. Did you see it as a kind of shape, or did you see it coloured? 

19. Can you see a pendulum swinging? 

20. Can you see a colour in your mind? 

21. What colour did you see? 

22. Was it a coloured thing or just & colour? 

23. Can you see in your mind the kind of reddish colour called brick-colour? 

24. Did you actually think of & coloured brick, or just the colour apart from & 
brick? у 

25. Can you see in your mind a daffodil? 

26. Was it growing, or in a vase or bowl, or just a daffodil? 

27. Which way was the trumpet pointing, to the right or to the left, от straight up? 


Test 3. Motor ‘imagery.’ 

28. In the same way can you feel what it is like to be running upstairs? Say 
whether you can imagine the movements clearly, vaguely, or not at all, 

Say whether you oan feel clearly, vaguely, or not at all the movements you would 
make in doing the following things: 

29. Kicking a ball. 

30. Sharpening a pencil. 

31. Throwing something. 

32. Lifting & heavy weight. 

33. Putting on your clothes. 

34. Using a knife and fork. 

35. Washing your hands. 

36. Breaking а stick. 

37. Drying yourself after a bath. 

38. Pushing someone. 
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Kay то TESTS. 
Series D. Test 1. Series D. Test 2. 
Same as first. 1. Up. 
4, 2. 4. 
5. 3. Ist. 
Up. 4. Triple 
3. 5. 8. 
3. 6. 3. 
9. 7. 5th. 
4. 8. Last was the higher. 
Down 9. 18% triple, this duple or quadruple. 
Up. lst note in this raised a semitone. 
4. 10. 7. 
Yes. ll. No. 
5. 12. This tune is a diatonic variation of 
Up. the previous tune. 
No. 13. 8. 
Piano. 14. Ist and last. 
4th. 2nd and 5th. 
Up. 4th and 7th. 
4, 
Piano. 


(Manuscript received 1 July, 1939.) 
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Some obstacles in the psychology of temperament (pp. 308-9). 
On the method of estimating personality traits (pp. 309-11). 
. Trait estimates in the present research (рр. 311-17). 
. Analysis of trait intercorrelations (pp. 317-25). 
Discussion and summary: the Surgent temperament (рр. 325-8). 
References (pp. 328-9). 


анны 


I. Some OBSTACLES IN THE PSYCHOLOGY OF TEMPERAMENT. 


Ат the present time the study of temperament is one of the most un- 
satisfactory, as far as real progress is concerned, in the whole field of 
psychology. This state of affairs is partly due to the difficulty in ap- 
proaching an aspect of mind originally arbitrarily defined as that part of 
mental life determined by physiological, particularly metabolic, factors. 
It is no less due to the unconscionable excess of speculative over ex- 
perimental treatment. 

There is an intrinsic persuasiveness in an artistically elaborated 
type picture, which few minds can resist. Once a new type distinction has 
been advertised and discussed, it continues, however faulty it may be 
from an objective standpoint, to distort reality to its own image and to 
acquire convincingness with constant use. 

Many of the temperament types which have been independently 
launched are nevertheless extremely similar. This convergence of con- 
ceptions justifies the surmise that some true objective distinction is 
approached by them. Everyone must have been struck, for example, by 
the similarity of the introvert-extravert distinction of Jung06) and 
McDougallas) to the schizothyme-cyclothyme polarity sponsored by 
Bleuler(4) and Kretschmer(17). The introvert, again, has considerable 
resemblance to the typical inferiority complex picture as drawn by 
Adler) and Wexberg(4). Both of these are barely distinguishable from 
the anal erotic character described by Freud(7) and Јопев(м), though 
these writers, like Adler, are not disposed to think of different mentalities 
and behaviour patterns in terms of temperamentt. 


1 As far as I know, not one of these authors has acknowledged any affinity of his type 
conception to other conceptions—with the exception of McDougall, who devotes a pene- 
trating discussion to the points of distinction which may exist between introvert and 
schizothyme (08), р. 392). 
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RS Behind the introvert-extravert distinotions lies а succession of 
` "similarly orientated type distinctions, passing through the reflective and 
active types of Jordan (15), the tender and tough-minded types of James (3), 
the unstable and stable types of Trotter (22), the subjective and objective 
types of Stern (21) and, on a more valuable experimental basis, the types 
described by Jaensch(12) and by Heymans and Wiersma (ц). Away from 
this lineof development, of which only a few illustrations are selected here, 
there are innumerable other type distinctions, more or less on а basis of 
temperament, which are regarded as fundamental by their authors; e.g. 
the gland types of Berman (8), racial types(9), the sadistic-masochistic, 
male and female, types of Apfelbach@), the ‘economic,’ ‘aesthetic’ and 
‘religious’ types of Spranger (20). 

The present research is an attempt to determine the principal patterns 
of temperament and character which actually exist, using carefully 
controlled estimates, particularly of those traits which appear in the 
introvert-extravert distinction and in those distinctions of which it may 
be said to be the prototype. 


II. ON THE METHOD OF ESTIMATING PERSONALITY TRAITS. 


A preliminary list was made of the characteristics (in pairs of oppo- 
sites) which are usually regarded! as involved in each of the following 
four types: introvert, schizothyme, inferiority complex and anal erotic. 
This resulted in twenty-eight traits (actually twenty-eight pairs of 
opposites expressing introvert-extravert distinctions, etc.) of which 
seventeen belonged to the introvert, nineteen to the schizoid, seventeen 
to the inferiority complex and twenty to the anal erotic. In every case 
the overlap was very great and indeed practically complete for the 
nuclear and most significant traits in each type*. 


1 The authorities consulted for the full description of each type were not the original 
authors of the distinctions but later interpreters who propound more developed conceptions 
which have gained in clarity from years of discussion and criticism. Thus introversion- 
extraversion was taken not from Jungue) (where it is, moreover, confused by oross classifi- 
cations) but from McDougall, An Outline of Abnormal Psychology, p. 435.8); National 
Welfare and National Decay, p. 98. Sohizothyme-oyolothyme distinctions were taken from 
Kretschmer, Physique and Character, рр. 116-5307. Similarly, the inferiority complex 
pattern was taken, not from Adler, but from the developed views of his disciple Wexberg, 
Individual Psychology, 1930€ and the anal erotic character from Ernest Jones, Papers 
on Paycho-analysis (14). 

з The detailed analysis is given in a thesis, “Temperament tests and perseveration,” by 
the present author, in the University of London Library œ. Much of the supporting data 
throughout this article has been left in the thesis referred to. 
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In all researches involving trait estimates one is faced with the diffi- 
culty that many of the traits given for estimation may not exist as 
unitary characters. Much criticism has been directed against estimates 
on this and other counts, but a good deal of it is beside the point, 
especially in view of the limited objectives usually set at this stage of 
temperament and character research. To say, for example, that no such 
trait as timidity can exist, since one and the same child may be timid 
before his teacher, bold before his class-mates, unafraid of physical 
dangers and yet cringing before social disapproval, is to overlook the 
possibility that a general tendency to timidity may exist, greater for 
some children than for others, but variously conditioned in different 
children to particular situations. Yet although this diversity of reaction 
in differing situations does not always disprove the existence of a unitary 
tendency, it may sometimes do so. Being ignorant of the real state of 
affairs, we can only proceed safely by splitting up into finer and finer 
traits the broad traits upon which earlier estimates were somewhat 
uncritically made. If the correlations between the subdivisions approach 
unity, then it will be possible to return to the original broad trait, but, if 
not, the supposed unitary traits must be again split up until elemental 
behaviour patterns are found. Almost all the traits in the above com- 
posite temperament picture were split up into more restricted forms of 
behaviour, the particular divisions adopted being determined by ob- 
servation and the indications of earlier work, e.g. Webb’s (23) ‘Sociability,’ 
which occurred in three of the four type distinctions mentioned, was 
split up into three traits: (1) liking to meet people as opposed to avoiding 
contacts, (2) fondness for large groups and crowds as opposed to small 
exclusive groups of two or three, (3) reacting readily and sympathetically 
to the emotions of others as opposed to lameness and awkwardness of 
response. 

Other sources of error in estimates were obviated as far as possible in 
the following ways. (1) Judges were specifically warned and trained to 
eliminate any attitude of approval or disapproval, especially moral, of 
traits or of individuals. By this we hoped to counteract the well-known 
‘aura’ effect. Further, all traits were not estimated for one individual at 
once, neither were the estimates made as numerical calculations, but 
each trait was taken separately and the subjects were simply ranked in 
order of their possession of that quality. (2) Errors due to personal pre- 
judices of the judges were counteracted by increasing the number of 
judges, in this instance to four. (3) Errors due to subjects being seen 
from only one aspect or in a limited field, e.g. in judgments by superiors, 
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subordinates, parents or teachers, or only at work or at play, were 
guarded against by the selection of fellow-students as judges. All 
estimates were given by judges specially chosen on the grounds of their 
wide knowledge and constant association with the subjects in study, rest 
and recreation in a residential college. To get rid of errors due to esti- 
mating from impression and intuition instead of from actual behaviour, 
the judges were instructed to keep observation on their subjects for two 
terms and to compile records of actual incidents, from a study of which 
the rankings were eventually made. (4) Errors due to the judges having 
preconceived ideas of temperament patterns were as far as possible 
eliminated by the choice of educated, intelligent, scientifically minded 
persons as judges who were as yet unread in the psychology of tem- 
perament types. They were further warned not to imagine that traits 
occurring close together in the list were necessarily in any way related. 
The subjects were sixty-two male (second- and third-year) students in 
a training college ranging from 18 to 25 years of age. They were.rather 
older and legs typical than university students, many of them having 
worked in industry between leaving school and coming to college. 


III. TRAIT ESTIMATES IN THE PRESENT RESEAROH. 


It was felt that the value of the enquiry as а whole would be еп-. 
hanced by including some traite, other than the above temperament 
traits, among the estimated characteristics, in order to provide land- 
marks by which to orientate whatever general patterns might be dis- 
covered. Especially was it desirable to relate the patterns to Webb’s (23) 
‘will’ factor, and Garnett’s(8) ‘cleverness’ factor, which gives many 
indications of being a temperamental tendency. 

Accordingly the following additions were made to the composite 
temperament list: 

(а) Traits most highly associated with Webb's ‘w’ factor: 


Perseverance—Wilful Changeability. 

Persistence (in face of obstacles}—Changeability. 
Conscientiousness—Unreliability. 

Kindness on Principle—Absence of Kindness on Principle. 
Interest in Religion—Absence of Interest in Religion. 


The last of these had eventually to be dropped, as the judges an- 
nounced themselves unable to make reliable estimates of it, external 
behaviour being no guide. 
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(b) A set of traits correlating most highly with the suspected ‘с’ 
factor of Garnett? -- : L о 
General Cheerfulness:- 
Sense of Humour (already in temperament list). 
Quickness of Apprehension. 
Originality of Ideas. 


(c) Some non-intellectual traits, & knowledge of which has been 
much in demand in vocational guidance work: 


Tact. 
Strength of Personality. 


(4) A measurement of intelligence (Cattell Group Test, Scale 

ПТА (6)). These additions brought the number of traits to 48 (46, when 
Interest in Religion and Intelligence are omitted). The precise significance 
given to each verbal label is set out below. In every case the traits are 
given in pairs of opposites. In this way the quality is more precisely 
"defined than if only the positive trait were described: the judge becomes 
accustomed to assessing each subject as it were by his position on a line, 


_ both ends of which are fixed. 


SOCIABLE 
Mixes well. Likes to meet people. Makes 
contact with strangers easily and un- 
reluctantly. 


. GREGARIOUS 

‘Likes to be in crowds. Fond of being in 
human society. Usually has a large 
circle of acquaintances. 


RESPONSIVE 
Affected easily by emotion of others. 
Responds easily and extensively. Reacts 
warmly, sympathetically, to one’s emo- 
tional moods. 


00-OPERATIVE 
Open-hearted, treats others fairly, ready 
to co-operate and make the first move of 
approach. 


GOOD-NATURED 
Generous. Well-wishing. Enjoys other’s 
success. Good-natured in sense of bei 
more ready to give than to take in в 
things. Not necessarily prepared for 
great or heroio self-sacrifice and un- 
gelfishness. 


UNSOOLABLE 
Not fond of human intercourse for ita 
own sake. Avoids meeting people, 


especially strangers. Dislikes human 
contacts. 


EXOLUSIVE 
Fond of solitude. Spends much time 
alone. Has one friend or small exclusive 
group. 
UNRESPONSIVE 

Deficient, awkward, Jame or repressed 
response to joy, laughter, sorrow, anger, 
etc., in others. 


DISTRUSTFUL 
Mixture of fear and hostility in attitude 
to others. Distrustful of oo-operative 
advances. Non-co-operative (for this 
reason only). 
MALIOIOUS 

Cruel. Laughter sardonic. Disparages 
others. аа to be interested in and 
to enjoy other’s misfortunes. 
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HUMOROUS 
Turns readily and кее easily to the 
humorous aspect o i Копа of 
witty sallies and joking. Takes few 
things seriously. 

BALANCED 
Jolly. Happy with simple pleasures. 
Satisfied with life’s compromises. Finds 
his pleasure in mundane, everyday 
things. Well-balanced and integrated 
emotional attitudes. 


HASTY 
Simple, direct. Not given to analysing 
motives. Acts without great delibera- 
tion. 


PLAOID 
Does not gpend much time in mental 
conflict. Not liable to intense inner 
struggles, and gete over them quiokly 
and easily. Placid. Mentally comtort- 


&ble and well-integrated. 
CONFIDENT 
Confident. Solid without pretence or 


show of power. Takes up life’s respon- 
sibilities naturally, without hesitation. 


OPTIMISTIO 
Inclined to believe that all is going well. 
Sees external world in bright colours. No 
fear, for the future. Not necessarily 
highly cheerful in manner, but possessed 
of a general unobtrusive optimism. The 
worst possibilities seldom occur to him. 


GENERAL CHBERFULNESS 
Inclined on the whole to be me 
cheerful, for long periods. Ind 
light-hearted laughter. 


OBTHODOX 
Shows no desire to stray from accepted 
beliefs and behaviour. Amenable to 
demands of grow and does 
“because they are done.’ Does nat у 
what people expect of him. 


AMENABLE 
Loses spirit and energy if faced with 


dide , 


overwhe difficulties and opposition 
of society. Gives in gracefully (without 
vindictiveness). 
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<.  EARNEST 
Inclined ` to be humourless. Deadly 
earnest always. Not deflected easily 
into humour. Seldom makes jokes 
spontaneously—in passing. 
EXTREME 


Inclined to the tragic and heroic outlook. 
Experiences both profound pathos and 
ecstasy of life. Goes to extremes. Things 
must be just perfect to be enjoyed. All or 


nothing. 

INTROSPEOTIVE 
Turned inwards. Introspective. Given to 
brooding reflection. Hesitating. Pre- 
occupied with self-analysis, analysis of 
his own thoughts and motives. 


GIVEN TO MENTAL OONFLIOT 
Subject to prolonged mental conflicts 
(e.g. to self-reproach, convictions of sin, 
as in religious ‘conversion’). Worries 
over mental state. Manner sometimes 
strained and eccentric. 


ANXIOUS 
Fear of, and difficulty in, making deci- 
sions. Procrastinative. Afraid of- re- 
sponsibility. Seeks positions of safety 
and security, flees from risks and trys to 
avoid life’s responsibilities. Nerve fails 
at last moment. 


PESSIMISTIO 
Shows fundamental discouragement in 
regard to life. Inclined to be 
in all . Sees worst possibilities ad 
is inclined to believe in approaching 
catastrophies—‘ things going to the dogs.’ 


GENERAL GLOOMINESS 
Tendency to be gloomy and sad, or at 
least ‘stodgy’ and bored. Not melting 
easily into happy laughter. 


INDEPENDENT 


Tends to espouse eccentric ideas. Given 
to independence and independent think- 
ing. Sticks to his own ideas if he arrives 
at original conclusions. Sometimes a 
rebel against authority. 


OBSTINATE 
Obstinate, stubborn, does not give in 
when faced with considerable opposition. 
Opinionated. Does not conform or 
change without morose ill-will. 
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OBJECTIVE | 
Accepts readily the logio of facts. Not 
helped or hindered by theories. Realistic 
in gense of accepting facts as they are, 
without subjective colouring. 

NAIVE 

Ignorant of self. Simple and direot in 
motives. Can be blissfully unaware of 


real sources (good or bad) of his beliefs 
and actions. 


FRANK 
Open, frank, willing to talk about his 
affairs and plans. Expresses his real 
thoughts and feelings. 


FORWARD 
Tendency to self-display, showing off, 
‚ boasting, love of adornment. Not afraid 
of making a fool of himself. Confident in 

' company, unembarrassed. 


NATURAL 
Naturally graceful and charming, makes 
easy contacts without formality. Is 
natural and easy with all kinds of people. 


VERBOSE 
Talkative and expressive, apparently 
Tich in ideas. Talks a good deal even 
about unimportant matters. 


CONTHNTED 
Enjoys life asit comes. Ambitions extend 
only to immediate, practical goals. 
Shows no desire to achieve anything 
great. 


FRIENDLY 
Treats all classes and individuals equally. 
Does not constantly aim at distinction as 
such. No display of coldness, haughti- 
ness, or offensive superiority. 

RENERGETIO 


Free flow of energy. Naturally indus- 
trious. Naturally willing to work. 


CONSCIENTIOUS 
Essentially possessed of a strong con- 
science. Trustworthy and reliable where 
morals enter into question. Strong sense 
of moral duty and of right and wrong. 
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SUBJECTIVE 
Prone to start with theories and attempt 
to fix facts to them. Inclined to feel own 
ideas and beliefs are true. Dogmatic. 
Subject to delusions. 


SOPHISTICATED 
Sophisticated, tortuous, subtle. Сот- 
plicated in motives. Rarely does any- 
thing from a single motive (not dishonest), 
&nd is well aware of ultimate origin of his 
motives. Does not deceive himself. 


SEORETIVE 
Secretive, hides his thoughts, feelings and 
intentions. Remains a riddle to ac- 
quaintances. Keeps his plans to himself 
and sometimes deceives without any 
apparent object. 
SHY 

Self-conscious, embarrassed. in oe 
diffident, retiring, shy, shrinks from self- 
display. 


FORMAL 
Prefers human contacts to be regulated 
by etiquette and cold formality. Is 
Ways ise and conventional in 
greeting, etc. Impersonal. 


TAOITURN 
Quiet. Reserved, not much inclined to 
talk. Only expresses himself when 
absolutely necessary. 


AMBITIOUS 
Preoccupied with what he will make of 
himself. Concerned with distant goals 
of achievement and dreams of individual 
development. Highly ambitious, striv- 
ing for power. 
PROUD 
Proud. Snobbish (veiled or open). 
Desires to be thought & bit better than 
others. Believes himself to be of slightly 
better quality. 
INERT 
Poor flow of energy. Ap tly half- 
hearted. Lame, lazy Бао Ten- 
dency to avoid work, malingering, illness 
ав excuse. · 
UNRELIABLE 

Able to hoodwink his conscience. Not 
entirely to be trusted in moral matters 
and in temptation. T 
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OASUAL . 
Inclined to be casual and perhaps 
negligent of minor matters. Does not 
insist on law being obeyed to the last 
letter, even by others. 


EMOTIONAL 
Subject frequently and пишу to 
strong emotions, anger, pity, joy, fear, 
love, good fellowship, grief, etc. 
EXPRESSIVE 


Emotion demands ready expression. 
Results readily and easily in words, 
actions, gestures. Impulsive. Excitable. 


ADAPTABLE 


Adaptable to changes in circumstances. 
Not upset by enforced changes of home, 
work, habite. Likes to have changes. 


NOT HEDONISTIO 
Indifferent to minor sensuous pleasures. 
Not seeming to need them (chocolates, 
smoking). Even ascetic and self-denying 
where pleasures are concerned. 


OARELESS 


No strong tendency to collect or acquire. 
Not primarily and fundamentally in- 
terested in financial matters. 


GENEROUS 


Generous, careless in use of money. No 
sense of value of things. Easy and broad 


charity. 


GRACEFUL 
pss M асс well integrated and 
ятасе 1. Not obtrusive. Easy and 
natural gesture. 

INDIFFERENT 


Takes hard knocks without fuss. Not so 
susceptible to hard words or upset by 
emotional disagreements of others. Not 
80 reactive to praise and blame of others. 
Thick skinned. 


MATEBIALISTIO 
Much affected by material conditions and 
circumstances. Loves comfort, material 
possessions, convenience, neatness. Trifles 
matter for him a good deal. Not inclined 
to ignore and: püt up with unfavourable 
living conditions. 
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PEDANTIO 


Pedantic, fussy, too conscientious over 
trifles. A bit of a martinet with others. 


UNEMOTIONAL 
Not merely weak on the surface in emo- 
tion but also in deeper layers. Always 
calm and guided by reason. 


INHIBITED 
Emotion bottled up and hidden. Emo- 
tion evident by silence rather than word 
or deed. Aotion long deferred. 


CONSERVATIVE 
Upset by anything demanding change in 
habit. Conservative in small things and 
retains accustomed things (not neces- 
sarily in politics). Likes same old walks, 
tunes, neighbourhood, books. 


SENSUOUS - 
Constant cravi for sensuous and 
sensual pleasures (not craving for excite- 
ment or comfort merely). Seeking solace. 
in eating, smoking. Е 

AVARIOIOUS | 
Strong tendency to collect and acquire. 
Greedy of gain. Stores up. Is interésted 
in all money matters. 


STINGY 
Chary of spending. Not giving unless 
there is & good cause, or on principle. 
Mean. Always complains of overcharge. 


AWKWARD 
Bodily movements jerky and uncon- 
trolled. Awkward and ‘gawky’ in gait 
and movement. Clumsy gesture. 


HYPEBSENSITIVR 
Easily upset biy emotional disagreement. 
Easily wounded by tactless remarks. 
Highly sensitive, especially where self- 
esteem is concerned. Responds to 
slightest hint. 


DETACHED 
Neglects and is indifferent to material 
circumstances. Absent-minded and un- 
interested where food, dress, tidiness, 
etc., are concerned. Capable of stoical 
indifference to comfort and amenities. 
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MATURE 
Ready always to make a compromise 
between own wishes and those of others. 
Able to forego without fuss. Does not 
overlook subjective life of others, their 
wishes, limitations and individualities. 

RBALISTIO 

Lives very much in real, active world. 
Alert (awake to objects) and practical 
(not necessarily efficient, skilled or 
practical). Sees things just as they are 
and reacts as obvious necessities of 
situation demand. 


MATTER-OF-FACT 
Enjoys and accepts variety and indi- 
viduality of real world. Reacts to each 
situation as a new thing, without fitting 
it into a preconceived mould. Is led by 
common-sense and his own feelings. 
- Unable to think out things on principles. 


EMOTIONAL MOOD OSCILLATING 
Subject to fairly periodic oscillations of 
mood between gaiety and аен 
Affected powerfully by en moods, 
being depressed or excited and lively for 
days at a time. 


OHANGEABLR 
Takes up things and drops them again 
because of changes of interest. Change- 
&ble by nature. 


PERSEVERANCE 
Consistency of action through direction 
of will. Has persistent and unchanging 
motives, aims, goals. 


KINDNESS ON PRINCIPLE 
Тв consistently kind, not on impulse or in 
form of occasional and excessive gene- 
rosity, but constantly and in manifold 
ways as a part of his beliefs. 


QUICKNESS OF APPREHENSION 
Sees point of anything at once. Quickly 
new material and takes in things at a 
glance. Jumps at conclusion and gives 
Opinion accordingly. 
ORIGINALITY OF IDEAS 

Has many happy thoughts. Original 
ideas but not n ily good or pro- 
found ones. New ideas, strange fancies, 
novel aspects of things ocour to him. 
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‚ WILFUL 
Wilful, not able to swerve from his own 
desires and goals. Demands (instinctive) 
satisfactions and upsets everybody if he 
doesn’t get them. Childish unwillingness 
to adapt and respond to external world. 


AUTISTIO 
Builds up his own world of ideas. Day- 
dreams, reads excessively. Attached to 
ideal systems. Idealizes remote things. 
‘Imaginative’ in some senses. Sees things 
distorted by his own beliefs. 


PRINGIPLED (SYSTHAIATIZING) 
Can relate any of his actions and beliefs 
to & principle. Systematizes everything. 
Is more inte in generalizations and 
abstractions than things and examples. 
Deals with laws and types. 


STRADY 
Shows a fairly even and constent emo- 
tional mood. Not deflected for days аф а 


time by phases. Even flow of energy and 
even temper. 


PERSISTENT 
Activities and purposes naturally sus- 
tained. Constant (not merely natural 
vigour). 


WILFUL OHANGEABSILITY 
Cannot be depended upon to peraist in 
what he seems to have made up his mind 
to do. 


ABSENCE OF KINDNESS ON PRINCIPLE 
Absence of that general benevolence for 
others which is based on principle and 
belief in being merciful and kind. 


SLOWNESS OF APPREHENSION 
Opposite qualities. Slow in thinking and 
in gathering situation. Heavy. Takes a 
long time to come to conclusion. 


BANALITY 
Opposite qualities. 
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TAOTFUL 
Not necessarily gifted with ability to mix 
easily and get on with people, but always 
diplomatio, attentive to others! feeling 
reactions and able to make people com- 
fortable in conversation. 


IRRITABLH 


Given to constant irritability and 
sudden outbursts of anger. 


STRENGTH OF PERSONALITY А 
Extent to which person without obvious 
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TAOTLESS 
Makes inopportune remarks (not merely 
stupid). Offends people unintentionally. 
Does not make others happy in conver- 
sation. Ignores possibilities and others’ 
view-point. - - 


GOOD TEMPHRED 
Can always be approached without fear 
of irritability. Not irrationally angry. 


LAOK OF PERSONALITY 


Uninteresting. Not noticed in a group. 


assertion impresses himself on the mind Leaving no impression. Lifeless 


of ав er, ог on & group with which 
he is working. Not forgotten after an 
interview. Giving а good. pleasant and 
definite impression in conversation. 


IV. ANALYSIS OF TRAIT INTERCORRELATIONS. 


Intercorrelation of estimates may be effected either by employing 
Spearman's ‘foot rule’ formula directly with the rankings as they stand, 
or by converting the subjects’ rankings to quantitative values (assuming - 
& normal distribution of the population in each trait) and applying the . 
product-moment formula. Webbs), finding practically no difference 
between the results obtained by the two methods, adopted the last named. 
For the sake of conformity we have done the same. In each trait ranking 
the subjects were divided into seven classes, corresponding to six equal 
increments of the quality concerned. The numbers in the seven successive 
classes giving the most nearly normal distribution in sixty-two subjects 
were 1, 6, 14, 20, 14, 6 and 1. The subjects in these classes were given 
respectively the quantitative valuations 7, 6, b, 4, 3, 2 and 1. 

The four judges—two second-year and two third-year students— 
first worked in complete independence but finally came together in pairs, 
the members of which discussed the rankings between themselves but 
remained independent of the other pair. Reliabilities were calculated 
between the rankings of these independent pairs. 

After the 1104 correlations of traits and 48 reliability coefficients 
(which ranged from 0-12 to 0-72) had been worked out, a careful 
study of the correlation table! was made to discover the qualities which 

1 Throughout this artiole a great deal of the supporting date usually set out in full has 
been omitted, since it can be consulted in the thesis already mentioned, which would other- 


wise require а monograph to communicate ita content. The table referred to will be found 
on p. 46 of the thesis (5). 
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appeared to hang together in groups, with a view to arranging them in 
separate hierarchies..Three such groups of highly intercorrelated traits 
were eventually discovered. 


Table I. The des growps of related traits first abstracted from 


the general correlation table. 
Grour L Mean correlation Group IL Mean correlation Group Ш. Mean correlation 
with other traita with other traits with other traita 
in this group in this group in this group 
Cheerful 0-41 Conscientious 0:41 Balanced 0-36 
3) Natural 0-37 Persistent 0-40 (1) Cheerful 0-36 
Sociable 0-37 Persevering 0-34 (1) Natural 0:34 
Humorous 0-37 Energetio 0-30 (1) Responsive 0:81 
Adaptable 0:35 (1) (3) Tactfal 0-30 Frank 0-30 
Gregarious 0-34 Emotional Mood (1) Optimistic 0-30 
Quick of Ap- Bteady 0-29 Generous 0-28 
prehension 0-31 Mature 0-29 Objective 0-27 
(2 0-30 Pedantio 0-26 | 1) (2) Realistio 0-25 
(3) Responsive 0:29 (1) Not Hedonistio 0-20 (1) (2) Taotful 0-24 
Forward 0-29  (1)(3)Confident 0-26 (1) (2) Confident 0-24 
Verbose 0-29 Kindness on (1) Co-operative 0-28 
(3) Optimistic 0-25 Principle 0-23 Amenable 0-20 
(3) Co-operative 0-24 (1) (3) Realistic 0-20 Matter of Faot 0-15 
Original 0-24 (1) Intr tive 0-17 Strength of 
(2) Realistio 0.23 Good Natured 0-17 Personality 0-15 
Expressive 0:22 Emotional 0-13 
(2) Sensuous 0-21 
Placid 0-19 
(2) (3) Confident 0-17 
(2) (3) T&otful 0-15 
Sophisticated 0-10 
Contented 0-10 


In certain instances a trait in one group was also found to correlate 
highly with most of the traits in another group. Such instances have 
been indicated above by a bracketed number beside the trait, indicating 
the other group in which it will also be found. One perceives at once that 
the second of these groups has a strong resemblance to the group of 
traits correlating highly with ‘w’ in Webb’s results, whilst the first 
includes many of the traits which Garnett’s ‘с’ factor underlies (8). The 
third group, however, appears to be new. 

Each of these supposed hierarchies was now examined by the applica- 
tion of the tetrad difference criterion to discover whether the conditions 
appropriate to the existence of a single general factor in each might be 
satisfied or whether the conditions indicated the presence of several 
group factors. The calculation of every tetrad in tables of this size would 
be a tremendous task and one not justified by the degree of accuracy 
normally obtaining in correlations based on estimates with populations 
' of this number. Accordingly а sampling procedure was adopted, such 
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that every coefficient was involved in at least three different tetrads and, 
in the case of the traits at the head of the hierarchy, in many more. 
Wherever the correlation of two traits produced suspiciously high 
tetrad differences (more than twice the Р.Е.) half a dozen more tetrads 
were calculated, especially those relating the suspect correlation to 
correlations already proved to be free of any connection other than that 
due to the general factor. Suspect correlations were also picked out by 
examining the rows and columns, as a check on the above procedure. 

In this way the following correlations not satisfying the conditions of 
a hierarchy were isolated from groups 1, 2 and 3 respectively. The lists 
contain every correlation in association with which six or more tetrads, 
„Вай average tetrad differences of more than 14 times the P.E. 


Group 1. 
Tetrad 
difference 
greater than 
Cheerful—Humorous } Арргох. 
Introspective—Realistic 4 P.E. 
Not Hedonistic—Tactful 
Optimistio— i 
msive— » 
Ver nfident(— ive) 
Cheerful—Optimistic 
» Та] 
” T ive 
»  —Realistic 
Sophisticated—Content Ap E 
Humorous—Co-operative = 
Verbose—Tactful(— ive) 
Confident—Tactful 
33 —Introspective 
Humorous—Original 
5 —Natural 
2» —Sophisticated 
» —Responsive 
Humorous—Realistio 
Cheerful—Adaptable 
»  —Not Hedonistic 
Confident— ,„ »  (-ive) 
"A istio Approx. 
Gu NOE Hedonistio 2 P.E. 
ario able 
Verbose. Biei 
Cheerful—Gregarious 
Natural—Tactful 
Gregarious—Adaptable } Approx. 
Humorous— > lí P.B. 
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Group 2. 
Tetrad 
difference 
greater than 
Kind on Principle—Good-Natured ] A pes. 

Confident—Realistic 


Not Hedonistic—Introspective 
аа" Hel, 

» —Not onistic 
Kind on Prinoiple—Mature End 
Persistent—Perseveri 
Conscientious—Pedantic 
Introspective—Emotional Mood Steady 
Persistent—Conscientious 
Conscientious—Confident{ — ive) 
Persevering—Introspective 
Persistent —Good-Natured(— ive) 
Energetic—Not Hedonistic(— ive) 

» . —Good Natured(— ive) 

Good Natured—Mature 
Not Hedonistic—Realistic( — ive) Approx. 
operibus Мы 2 P.B. 
Tactful—Kind on Principle 


Energetic—Emotional Mood Steady 
Mature—Tactful 
Confident—Introspeotive( — ive) 
Persistent —Emotional Mood Steady 
Kind on Principle—Realistic( — ive) 
Emotional Mood Steady—Persevermg 
» » DE —Not Hedon- A prox. 
istio 14 Р.Е. 
Confident—K ind on Principle{— ive) 


Group 3. 
Tetrad 
difference 
greater than 
Confident—Strength of Personality 
nsive—Matter-of-Faot( —ive) Approx. 
Confident—Realistic 4 Р.Е. 
Strength of Personality—Responsive 
Tactful—Matter-of-Fact{— ive) 
Strength of Personality—Co-operative 
Emotional—Realistic( — ive) 
» —Generous 
Strength of Personality—Cheertul 
» » —Realistio A 
Responsive—Natural(— ive) 2n 


Strength of Personality—Natural 
Frank— Emotional 
Responsive—Emotional 
Confident—Amenable( — ive) 

” —Taotful( = ive) 
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Group 3 (cont.) 
Tetrad 
difference 
. greater than 
Balanced—Emotional(— ive) 
Objective—__,, (— ive) 
ced—Amenable 
Безропвіуе— ,, 
беюш шер 
»  -—Confident(— ive) A 
Balanced—Frank pem 
„  —ÜOptimistio ш 
Emotional—Natural 
Cheerful—Optimistic 
Balanced—Confident 
Confident—Emotional(— ive) 
Frank—Matter-of-Fact 
Confident—Matter-of-Fact Ape 


When these special linkages are arranged in diagrammatic form! so 
that the general patterns are more easily perceived, two groups (composed 
of traits linked together in practically all possible ways) stand out from 
the hierarchy of group 1, two from group 2, and, less clearly, two from 
group 3. In the last case no remainder in the form of a general factor is 
left over; the high correlations between many members of this group are 
due to the traits being saturated with both ‘c’ and ‘w’ (factors of group 1 
and group 2). 

Further examination showed, however, that one sub-group from 
group 1 was the same as one of the sub-groups from group 2—allowing 
. for the absence of certain traits from the group 2 list. Similarly,.a sub- 
group of group 3 was essentially the same as one from group 1. 

Apart from the ‘c’ and ‘w’ hierarchies, therefore, four groups of 
specially related traits would appear to exist. The factors underlying the 
first two of these were contingently called “су? and ‘w’, as they appeared 
associated with ‘с’ and ‘w’ traits respectively. When the various correla- 
tions of the “с,” and ‘w,’ pools with the ‘c’ and ‘w’ pools themselves were 
worked out it was found, however, that the ‘w,’ pool was largely com- 
posed of ‘w’-saturated traits which happened at the same time to be 
negatively related to ‘с’; whilst the ‘с,’ pool was merely ‘c’ traits 
which also possessed a good measure of ‘w.’ Each set had stood out from 
the surrounding hierarchy, as if possessed of a group factor, simply 
because it belonged to the other hierarchy. It seems likely, nevertheless, 
-that some of the traits in one of these groups do not entirely dissolve in 


1 Beo рр. 54-55 of thesis (в). 
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this way. These traits are: Confidence, Realism, Strength of Personality, 
Tact, and Energy—in the sense given in the list above. The possibility of 
their being governed by a group factor—in addition to the ‘w’ with which 
they are considerably saturated—merits a special investigation which we 
could not undertake in the present general research. 

Apart from specific connections between pairs of traits, therefore, 
which may be of interest and importance in other directions, four groups 
of traits—two clearly based on two general factors already recognized in 
& previous research and two arising from new, unconfirmed and more 
limited group factors—remain for our consideration. The traits in these 
groups are as follows, in approximate order of saturation with the group 
or general factor concerned in each. Those traits which have to be set 
aside from the pool on account of their sharing among them limited group 
or special factors are shown in brackets. The pool formed from the 
remainder should give a good measure of the general factor, since the 
numerous and varied specific factors, being approximately equally 
represented, will cancel out. 


с w 
e 
+Traits —Traits +Traits —Traits 
Cheerful Gloomy (Conscientious Unreliable) 
Natural Formal Persistent ble 
Sociable Unsociablet (Persevering Wi Changeable) 
(Humorous Earnest) Energetic Tnert 
Adaptable Conservative Tactful - Tactless 
(G ious Exolusive) (Emotional Mood Emotional Mood Os- 
Quick of Appre- Slow of Apprehension Steady ` cillating) 
hension Mature Wilful 
(Hasty Introspective) Pedantic - Casual 
(Responsive Unresponsive) Not Hedonistio “Sensuous 
Forward Shy Confident Anxious 
(Verbose Taciturn) Kind on Principle Not so 
(Optimisti ee) (Realistic Autistic) ' 
-operative Distrus (Introspective Hasty) 
Original Banal (Good-natured Malicious) 
(Realistic Autistic) 
Expressive ^: Inhibited 
(Sensuous . Not Hedonistic) 
Placid Given to Mental Con- 
ict 
(Confident Anxious) 
Taotful Tactless) 
phistioated Naive 
(Contented Ambitious) 


. 7 It is perhaps fitting to remind the reader at this point that these labels have precise 
connotation and that he may not put any generalized meaning he likes upon them. 
Sociability, for example, means readiness to make contacts, and it is perhaps significant that 
it makés в higher correlation with ‘с’ than does Gregariousness—the mere liking to be in 
large groups. | 
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m a 
дк 

+Traita —Traite + Traits -' —Traita 

Mature Wilful Balanced Extreme 

Good Natured Malicious Frank Secretive 

Kind on Principle Not so ` Optimistic Pessimistic 

Tactful Tactless Generous Stingy 
Objective Subjective 
Tac Taotless 
Co-operative Distrustful 
(Emotional Unemotional)! 
(Natural Formal) 


The last two group factors have been temporarily given the names 
‘maturity’ and ‘adjustment’ and represented by the letters ‘m’ and 
‘a,’ for the former is found in a group of qualities which tend to come with 
maturity, whilst the latter underlies a set of qualities which in clinical 
practice are commonly regarded as characterizing the well-adjusted 
rather than the maladjusted individual. Nevertheless, it must not be over- 
looked that these two group factors cannot be regarded as established, 
for specific intercorrelations have been shown to exist, by means of 
tetrad differences, only in a majority, not in all, of their possible con- 
nections. There is, too, more than a suspicion of a connection between 
‘m’ and ‘a,’ though not sufficient to justify lumping all the traits 
together. 

An attempt was made to get further evidence for the existence of these 
factors by eliminating progressively from among the traits with which 
they are associated all intércorrelation due to ‘c’ and ‘w.’ Four traits 
from ‘m’ and the four first traits of ‘a’ were selected to be put to the 
test. Their correlations with the “с” and ‘w’ pools are as follows: 


Table II. Correlation of tratts in ‘m’ and ‘a’ group with ‘с’ and ‘w. 


Kind 
Good on Tact- Bal- Opti- Gene- 
Mature Natured Principle ful anced Frank .mistic rous 
‘с’ 0:06 0-00 0.00 0-16 0:33 034 038.: 0-37. 
‘wo 0:62 0-42 0-53 06 015 007 013 -002: 


Throughout this and other tables the lowest coefficient which exceeds three 
times the р.и. ів 0:25. 

When, by partial correlations, the influences of ‘с’ апа ‘w’ on the 
intercorrelations of these traits have been successively eliminated, the 
following intercorrelations remain: 

1 These traits are left out of the pool because although they show specific correlations 


with some of the other members they actually have one or two negative correlations with 
others which may or may not be due to chance errors of estimate. 
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--Table ПТ. Correlation of ‘та’ and of ‘a’ traits when ‘co’ and ‘w? 
~ have been partialled out. ` 
‘m’ traits. 


Good Kindon 
E Mature Natured Principle  Tactful 


Mature — — — — 
Good Natured 0-29 — — — 
Kind on Principle 0.12 0-59 — — 
Taotful 0.27 0-03 0:22 — 
‘а’ iratis. 
Balanced Frank Optimistio Generous 
Balanced — — — — 
Frank 0:45 — So = — 
Optimistic 0-38 0-38 — — 
Generous 0-33 0-16 0-27 — 


Evidently the ‘а’ factor is a substantial entity and probably unitary, 
but the ‘m’ factor may dissolve into a number of more limited specific 
correlations. Moreover, if the correlation of the ‘a’ pool with the ‘m’ 
pool (see table VI below) is corrected similarly for the effect of ‘с’ and ‘w’ 
a correlation of 0-31 remains. Possibly, with the transfer of certain ‘m’ 
qualities to the ‘a’ list, the former would dissolve into mere pairs of 
specifically related traite, but a further research to confirm and augment 
the reliabilities of the present estimates and correlations would be 
desirable before setting out to investigate these finer connections. 

It is a matter of interest at this point to détermine exactly to what 
extent the traits in the ‘c’ and ‘w’ groups are saturated with ‘c’ and ‘w,’ 
and also to discover what the correlations between certain representative 
traits would amount to if the attentuating effects of chance errors of 
estimation were allowed for. For this purpose representative traits were 
selected from ane top, the middle and the bottom of the ‘c’ and 

‘w’ lists. . 
"Table Tv. Correlation of some representative Burgent and Will 
Character traits with ‘с’ and ‘т? 


Correlation with the ‘c’ factor 


Ge of list) Cheerfulness 0-89 
Middle) / Quickness of Apprehension 0-55 
(Bottom) - Placidity 0-11 

De. 2 . * Correlation with the ‘w’ factor 
1 (Тор of list) ~- Conscientiousnesa 0-80 
Middle) - Steadiness of овони Mood 0-69 
(Bottom) - , Confidence 0-22 
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Table У. Intercorrelations of some Surgent and Will Character 
trait estimates when corrected for attenuation. 


(Top of list) Cheerful—Sociable 0-98 
(Middle) Quick of A: rehension—Forward 0-56 
(Bottom) Placid—Sophisticated (Negative) 
Cae of list) Conscientious—Persistent 0-96 
Middle) Emotional Mood steady—Mature 0-39 
Cotton) Confident—Kind on Principle 0-28 


We appear to have obtained from our correlation tables evidence of 
independent “о? and ‘w’ factors such as have been found in previous 
research. It remains to be seen whether this irdependenos is borne out by 
the correlation of the pooled ‘с’ and the pooled ‘w’ trait estimates. The 
intercorrelations of the four factors concerned, obtained by a straight- 
forward, un weighted pooling of the traits in the above list, are as follows: 


Table VI. The relationships of Surgency, Will Character, ‘Maturity’ 
and * Adjustment’ as determined by correlation of pooled traits}, 


‘с’ tip’ tm’ ‘а’ 
te? 0-63 -0-03 0.12 0-52 
‘w’ — 0:03 0-64 _ 0-48 0-38 
ums. 0.12 0-48 0-76 0-45 
‘а’ 0-52 0-38 0-45 0-76 


А clear confirmation of the independence of ‘с’ and ‘w’ results. It is 
noticeable that both ‘an’ and ‘a’ correlate positively with “с? and ‘w’ and 
with each other. Since the ‘traits involved already contain ‘c’ and ‘w’ 
(whatever further factors they may contain) this does not surprise us. 
The fact that the ‘reliabilities’ of these factors are even greater than those 
of о * and ‘w, However, again suggests that something over and above 

с? and ‘w’ is genuinely possessed in common by the traits of each group. 
This agrees with the result obtained above by partial correlations. 


У. DISCUSSION AND SUMMARY: THE SURGENT. TEMPERAMENT. ` 


Since the prosent findings confirm and extend those: of earlier re- . 
search, as far as “с” and ‘w’ are concerned, there is every reason to regard - ^ 
these two factors and the resultant pair of type Gppostton a8.established, 
at least in terms of estimates. 

But it remains to discuss whether we are entitled to. apply the term 
‘temperament’ to either of them, if temperament i is to be understood as 


1 The ‘reliabilities’ are calculated as the correlations between all the odd traita as в 


' whole and all the even traits in the. ко The РЕ. is approx, 0-08 for thé smaller correla- 


tions and less for the greater ones. : Ялы 
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physiologically determined, for we have established no physical or 
physiological connections. No one would think, however, of callmg the 
‘w’ factor ‘temperament,’ for it is clearly that which is referred to in 
everyday life as will, consistency of behaviour, integration of character, ; 
and indeed as character in the broadest sense of the word. Now, whatever 
the theory of temperament may be, it has certainly been the practice of 
psychologists to describe as temperament any broad behaviour pattern 
which is not due to character. Consequently we shall not err from the 
usual convention by calling ‘c’ a temperament factor—perhaps the 
temperament factor—since it covers a so much wider variety of reactions 
than does ‘m’ or ‘a.’ 

A promising field for further research opens out here. There is the 
task of filling out the list of traits which are largely dependent upon ‘с’; 
of elucidating the relation of ‘c’ to ‘a’ and to other more restricted and 
specific factors; and, finally, of investigating the possibility of these 
factors depending upon physical and physiological conditions. 

At this point we may notice that the ‘c’ temperament pattern is not 
that of the extravert, the cyclothyme or indeed any other type so far 
described and labelled. True, it has some resemblance to the extravert 
type, by which it is approached more closely than by any other, but there 
are some significant differences. Even if these could be overlooked, it 
would be inviting confusion to take over one of these approximate 
terms, which are already employed with fixed and precise meaning in a 
very considerable literature. The empirical origin and experimental 
associations of the ‘c’ factor justify and require a new, specific and un- 
worn terminology. К 

In an article continuing the present one it жШ Ъе shown that the 
mental process behind the ‘c+’ mentality is a fluency of association 
(high in actual tests), a quickness of response and a ready ‘leaping up’ of 
ideas and impulses. A glance at the traits in the ‘с’ group is alone suffi- 
cient-to indicate that the essence of the temperament is expressible by 
some term conveying the idea of ‘leaping’ or ‘rising up’ with facility. 
‘Repressed’ and ‘Unrepressed’ convey more than we are entitled to infer 
at present. The terms Sthenic and Asthenic are perhaps nearer, but they 
have already been used with definite intent and we may not safely 
assume at present that the difference is one of greater or less strength or 
energy of mind. The word ‘Surgent,’ from the Latin surgo, seems most 
aptly to express the quality which the tests reveal. The opposite tem- 
perament, possessing little ‘с,’ could then be conveniently described as - 
the ‘Desurgent’ temperament (this is not etymologically the true opposite, 
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but it has that quality in English), and the amount of ‘c’ possessed by any 
individual could be referred to as the degree of Surgency. 

Considerable interest attaches to the ‘a’ factor, which, as we have 
. geen, survives the elimination of ‘с’ and ‘w’ and possibly absorbs ‘m’ to 
- itself. A survey of the traits with which it is most definitely associated 
reveals at once its strong resemblance on the positive side to the cyclo- 
thyme type. Six of the eight traits in the above ‘a’ list practically 
correspond to six of the eight traits which Sahai(9) showed to be most 
characteristic of the cyclothyme temperament (Natural, Generous, 
Co-operative, Frank, Balanced, Emotional (corresponding to Sociable), 
Warm-hearted, Trustful, Tendency to enjoy gifts of life, and Varying 
in Emotional Mood). Objective and Optimistic, which never came up 
for consideration in Sahai's abbreviated list, are nevertheless among 
the qualities assigned to the cyclothyme by Kretschmer(17). On the 
other hand, there is a definite absence of Humorous, one of Sahai’s eight 
: highly intercorrelating cyclothyme traits, from our ‘a’ list, although 
it was among the qualities given for estimation. A good part of Sahai’s 
correlations was undoubtedly due to the ‘c’ factor which underlay many 
of the qualities in his list (he recognized the existence of two group 
factors running through the qualities), but there was an especially high 
correlation among these particular cyclothyme traits due to the additional 
limited group factor. A further indication of the identity of cyclothyme- 
ness and ‘a’ will be found in the ensuing article, where our results show 
that of all the factors isolated from our estimates the ‘a’ factor has the 
highest positive relation to an index of the pyknic body build. (The cor- 
. Telation is a very, low one, but so too was that found by Sahai, employing 
a much more complete and carefully controlled measure of the pyknic 
build than we could hope to use in this research.) 

To sum’ up: the research has revealed, in addition to a General 
Character Factor, ‘w, and a broad Surgent-Desurgent temperament 
type distinction, ‘c,’ a reasonably clear indication of the existence of a 
schizothyme-cyclothyme type distinction depending upon an ‘a’ group 
factor over and above the general ‘c’ factor. 

These generalizations cannot safely be allowed to rest on a basis of 
estimates alone: it will be necessary to discover the exact limits of the 
traits concerned in these estimates and just how the thing estimated 
expresses itself in test situations or precise records of behaviour. The 
work of Натртезуев (10), for example, points.to the conclusion that 
Originality as estimated is not the same thing as originality in test 
situations: it is rather an estimate of how бетеру апа easily the 


328 Temperament Tests. I 


individual is original than how profoundly he is original. It is such 
points as this which urgently need investigation if the gains iei 
from the method of estimates are to be consolidated. Е 

The second direction in which enquiry is particularly needed is that of МЕ 
the variation of patterns with age. Is the Surgent pattern the same in - 
childhood as in adult life? Is the schizoid child also schizoid in ado- 
lescence, and if so is the emphasis on the various component traits just the 
same or do fresh characteristics now distinguish the type? Sahai, in the 
above-mentioned research, found that correlation tables obtained from 
estimates in two schools correlated together to the extent of 0-98, but 
only to the extent of 0-50 and 0-51 with correlations of estimates on the 
same qualities made in a training college of adolescents. There is evi- 
dently room for special enquiries here. 
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‘PUBLICATIONS RECENTLY RECEIVED. 


The Psychological Register. Vol. ш. Edited by Cant Мовонвон and others. 
Clark University Press (London: Humphrey Milford). 1932. Pp. ix + 1269. 
56s. 6d. net. 


This issue of the Psychological Register practically supersedes the 1929 edition 
which is henceforth to be known as Vol. п. Vol. 1 will contain records of earlier 
psychologists and will *extend all the way back to early Greek psychologists.” It 
is also hoped to publish & fifth volume containing a “cumulative index” with the 
names of “all the important psychologists that have ever lived.” Vol. шт represents 
40 countries and contains the names, records and bibliographies of about 2400 psycho- 
logists. It is a monument of thoro and careful work, the editing of which must 
have involved a шш amount of labour. The result of this work is indeed almost 
staggering in its b and completeness. No psychological reference а can 
afford to be without the new Register, even though at the same time probably few 
psychological reference libraries oan really afford to purchase it. If there is one doubt 
about this very valuable enterprise it is whether the publication of exceedingly 
detailed bibliographies is really necessary. Some of the contributors have taken the 
bibliography matter very literally indeed and have sent up pages and es of re- 
ferences. It is well to have them all together perhaps; but maybe a curtailed edition, 
with general bibliographical indications only, would be found very nearly equally 
useful, as it would assuredly be found much cheaper to produce. 


Vision and Colour Vision. Ву В. A. Houstoun. London: Longmans, Green 
and Co. 1932. Pp. vii + 238. 15s. net. 


Dr Houstoun has written an admirably competent, clear and interesting book on 
Vision, which should be in e psychological library. The historical treatment of 
the subject is not Schau bus the most important and reliable experimental 
work is described, in each case with a detailed account of the methods and apparatus 
used, and in addition the experimental work of the author and his collaborators on 
discrimination of intensity, acuity, colour mixing, simultaneous contrast and colour 
blindness. The last piece of research is particularly valuable in that it was carried 
out on a large number of-subjects, not merely upon one or two, thus avoiding a 
criticism of technique which the psychologist might level against much of the work 
reported. The results and theories described have been worked out in full mathe- 
matical detail Dr Houstoun brings much convincing evidence to bear against the 
duplicity theory of V. Kries, and against the Young-Helmholtz theory of colour 
vision; for the latter he would substitute a modified form of Hering’s theory. 


The Psychology of Study. Ву С. А. Maoz. Methuen's Monographs on Philo- 
sophy and Psychology. London: Methuen and Co., Ltd. 1932. Pp. 
vii + 96. 28. 6d. net. 


This witty and pleasantly written little book may be recommended to anyone 
who desires to learn what the psychologist can teach him as to how to direct his 
Studies and employ his mind 80 that he may eventually hope to attain to the power 
of original thought. Mr Mace gives muoh valuable advice for the training of obser- 
vation, memory and concentration, but shows that to be of any use they must 
necessarily subserve interest: “the ultimate source of efficiency in observation, in 
memory, and in constructive thought is insatiable curiosity and the will to know.” 


ord: 
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We may, however, be able to learn a great deal about the direction of these motives, 
within their natural limits; and even the trained thinker may find something in 
Mr-Mace’s book of interest and profit to himself. i 


Mind and Money: A Psychologist looks at the Crisis. By Joun T. MaoCurpy. 
.:2 London: Faber and Faber. 1932. Pp. 319. 10s. 6d. net. 
.:. This book is divisible into three parte. Chapters т-тх deal with psychological 
` , characteristics underlying the formation of groups; chapters х-хи concern the 
psychological factors behind economio facte—such as comforts and luxuries, money 
and oredit; and the remainder of the book analyses the psychology of Germany, 
America and Great Britain, giving predictions about their аре future develop- 
ment. ‘In many Ge it is brilliant in its insight. Doubts are thrown on the wisdom 
of quantity production; comforts and luxuries are analysed psychologically in a 
manner that should prove useful to the economist; and it is made clear how the 
wireless and the press tend to form a psychological link between people widely 
separated in space, with the result that their actions may then become similar to 
those of a crowd linked by spatial contiguity. The book has a very definite point of 
view which is put by the writer with force. Dr MacCurdy endeavours to show that 
the aristocratic form of organization is the only form which will ensure stability in a 
group, but he does not make it clear whether he means aristocracy in the sense of 
ereditary privilege or in the sense of government by experte. Dr MacCurdy thinks 
that the future is black for Germany ind worse for the United States but that d 
will pull through all right in the end. He misses a good opportunity in this section 
of dealing seriously with the probable future of Russia. 





The Evolution of Human Behaviour. By Cart J. УАврЕМ. New York: The 
Macmillan Co. 1932. Рр. ix + 248. 15s. net. 


The book covers an enormous ground in a relatively unteohnical way. The author 
has, however, an extremely good knowledge of his field and shows excellent powers 
both of selection and of arrangement. After a general statement of some of the chief 
problems of human evolution, the book goes on to deal with the main changes that 
marked the rise of man; with the traces left by very early man; with “the coming of 
modern шап”; and concludes by two essays on “race and civilization," and “© present 
trends in evolution.” A student must, of course, read cautiously in a subject which 
affords great scope for speculation and is at the same time one in which new in- 
formation is being rapidly acquired. But, with this condition in mind, the volume 
is an excellent one to put into the hands of the student of psychology. It will raise 
many fascinating problems for him, give him plenty of clues towards their solution, 
and perhaps stimulate him to attempt в more psychological study of the vast field of 
research which is described. 


Instinct, Intelligence and Character. By Goprruy Н. THowsoN. 2nd edition. 
London: Geo. Allen and Unwin, Ltd. 1932. Pp. 282. 10s. 64. net. 


Prof. Godfrey Thomson’s excellent book is so well known that it stands in need 
of no lengthy review. That successive impressions and now a second edition should 
have been called for rapidly is very encouraging to all those who are interested in 
& sane, thoughtful and well-informed development of psychology. The general theme 
of the book is that it is easier to guide the development of character than to guarantee 
a certain level of intelligence. As Prof. Thomson puts it: “It seems to be the function 
of the teacher to form character and find out about intelligence.” The theme is not 
supported merely by general argument, but by particular, and attested, facta, and 
Prot. Thomson is not only concerned to say what should be attempted, but also to 
indicate as precisely as possible how to succeed in the attempt. While the book is 
addressed largely to the teacher, it has a very wide scope and can be read with pleasure 
and profit by anybody who finds an interest in И deed growth of mental life. 
In every way this is a good book, and in future it should be yet more widely studied. 
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Emottonal Ourrents in American History. By J. H. DzwisoN. New York and 
London: Charles Scribner’s Sons. 1932. Pp. vii + 420.. 21s. het..." =i 


This ought to be a good book, for it has a og ales subject to study. "Aótually it 
is very diffuse, it is most irritating in На strong bent for ‘purple patches’ “and ‘fine . 


writing,’ and nothing very definite emerges out of it all except & rather confused .: 


notion that the apparent welter of chaotic custom and feeling which characterizes.” 
social conduct is actually the expression of a few strong and persistent emotional 
tendencies operating in a more or less regular ebb and flow. The sort of writing that 
the author loves is this: “We have beheld an Olympian Drama in which ancient - 
spirits rising out of the misty Past have met with other spirits summoned from the . 
vasty deep, and have fought for the Soul of America.” through there is a great 
deal too much of the attitude that if you write the name of anything with a capital 
letter you invest that thing with a sort of superior reality and value. With all this 
any reader who oan stomach the exaggerated and diffuse style of writing may get 
from this book many interesting pictures of the course of American social history. 
But he ought to compare them with representations of the same facts in some more 
sober history. 


La Determinazione del Presente Psichico. By Renata CALABRESI. Firenze: 
В. Bemporad e Figlio. 1930. Pp. xi + 188. 


This is a very capable monograph which presenta an account of a comprehensive 
research carried out under the main direction of Prof. Bonaventura. The author 
shows a wide knowledge of earlier work on the psychic present, eepecially that done 
by German investigators, and she Е" work clearly and adequately. 
Her own experiments were of the tachistoscopic kind and in the line of direct develop: 
ment from the early work of Wilhelm Wundt. It is maintained that the chic 
present represents a genuinely concrete experience, the objective limits of which 
vary to some extent from person to person and from one content to another. Broadly 

objects presented in actual succession, with limite, roughly, of 8000 to 
10000, are synthesized by a cognitive act and treated as belonging to a single ex- 
perienoed moment. Certain epistemological conclusions are drawn which hardly 
веет to be necessary. The laboratory psychologist will be interested in the design 
of a double tachistoscope for this work, by Prof. Bonaventura. 


Ten Years of Industrial £ sehala An Account of the First Decade of the 

National Institute of Industrial Psychology. By H. J. WELOH and 

. 0.5. Mvzns. London: Sir Isaac Pitman and Sons. 1932. Pp. ix + 146. 
6s. net. 


When, some day, the full history of the development of scientific psychology in 
this country comes to be written, it will be seen clearly that, in an outstanding 
number of directions, the main wth has been due to the vision and enthusiasm 
of one man—Dr C. 8. Myers. In Industrial Psychology, as in numerous other develop- 
ments, he has played a predominant part. This book gives а clear and deeply in- 
teresting account of the foundation and growth of the National Institute of Industrial 
Psyohology, in the work of which Dr Myers was from the first associated with Mr 
H. J. Welch, and, for the greater part of the time most ably aided by the present 
Director, Dr G. H. Miles. It is a record of astonishing and consistent success in many 
fields. The story of its inception, its rapid growth in spite of persistent industrial 
depression, and ite multifarious activities, is told well and concisely, and constitutes 
в record of publio and scientific achievement of which anyone could legitimately be 
proud. The volume should receive a wide welcome, for it will provide a stimulus to 
paras efforts on the part of psychologists everywhere towards the development of 

eir science. | 
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The, Experimental Study of Reading. By M. D. Vernon. Cambridge University 
ac «Press. -19317.Pp. xv + 190. 88. 64. net. 

^ Th one respeót at‘least most people who write about psychological problems could 

_ learn alot from a study of this book. It contains no superfluous words, and every 


. , bit of it is to the point in the most concise and clear manner. АП the important 
. "problems concerning the methods of study of eye movements and their functions in 


pond are considered, and there is some discussion of relevant points in the psyoho- 

logy of visual perception with special reference to the visual perceptual processes of 

; young children. А brief, but comprehensive study of typographical factors in relation 
‘to reading is included. The whole book reaches a high and sustained level of critical 
exposition and a very considerable part of it is obviously the outcome of first-hand 
experimental investigation which was well planned and carefully conducted. If 
there is to be any adverse criticism it must be on the ground of a certain severity, both 
of expreasion and of outlook, which perhaps makes the author unduly loth to take 
risks with any conclusions except predominantly negative ones. But that only 
strengthens one’s confidence in such positive results of investigation as are stated 
with approval. The book has a wide appeal, to the general psychologist, to the 
educationist, to the laboratory worker, and to the typographer. It deserves and 
indeed demands close and detailed study, and ought to be very largely read. A 
valuable selected bibliography is appended. 


The Measurement of the Intelligence of Young Children by an Object-Fitting Test. 
By Вотн ELLEN Arxins. Minneapolis: University of Minnesota Press. 
1932. Pp. 89. 

The test consists in fitting various common and readily recognized objects into 
appropriately shaped depressions in papier-mAché trays. Full details are given for 
the construction and of the standardization of a series of such tests. It is claimed that 
the teste are of partioular value in the case of young children, of deaf children, and 
of children who do not understand the language of the experimenter. 


Certain Relationships between Scholarship in High School and tn College. By 
Lena J. Hawxs. The Johns Hopkins University Studies in Education, 
№. 15. 1931. Pp. viii + 58. $1.16. 


The Reliability of Quarterly Marks in the Seventh Grade of Junior High School, 
` together with the value of Certain Standard Tests in Predicting them. By 
J. Cagzv Тлутов. The Johns Hopkins University Studies in Education, 

№. 17. 1931. Pp. ix + 54. $1.15. 


A Series of Experiments on the Learning of French Vocabulary. By Lovise 
C. SrgBERT. The Johns Hopkins Studies in Education, No. 18. 1931. 
Рр. 106. $1.50. 

Of these three monographs No. 18 18 of the most general interest. It reoords & 
capable experiment in mental learning and discusses, in terms of the experiment, 
most of the main жш problems which are commonly raised in regard to 
learning in the field of mental work. . 


The Moral Judgment of the Child. By Jean Ртлакт. London: Kegan Paul, 
Trench, Trubner and Co., Ltd. International Library of Psychology, etc. 
1932. Pp. x + 414. 10s. 64. net. 

Prof. Piaget first studies “the rules of the game,” on the ground that in simple 
social games played by children we “are in the presence of rules which have been 
elaborated by the children alone.” The contention could be criticized but nevertheless 
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the author's analysis of the rules of a game of marbles as it is played in Geneva and 
Neuch&tel is interesting. Whether marbles as it is there played is a particularly ° 
suitable game to choose as typical is perhaps another matter. Thereafter Piaget 
pursues his well-known conversational method, putting little concrete moral problems 
to children of varied ages and carefully giving both the manner and’ the-matter of 
their conversational replies. The general’ conolusion is that the child has two separate 
moralities: one due to adult moral constraint, leading to moral realism, and the other 
to social co-operation, leading to autonomy. “ Between the two can be discerned a 
hase during which rules and commands are interioralized and generalized." Rather 
ess than half the book leads up to these conclusions, and the rest of the volume is ` 
occupied by в deeply interesting discussion of the social significance of developing 
moral sanctions the relation of this to what Piaget calls ‘rational consciousness.” 
In spite of much diffuseness of expression which often blurs the definition of the 
argument, Prof. Piaget has produced a book of value and significance, A lot of the 
material is necessarily controversial but he makes his points with fairness and 


unfailing good humour. 


The Reliability of Examinations. By C. W. VangNTINE. London: University of 
London Press. 1932. Pp. 195. 7s. 64. net. 


.' This is а volume of the very greatest interest and significance to all who are 
concerned with problems of educational administration and especially of the dis- 
tribution of educational rewards. It represents the result of several years’ careful 
and painstaking collection of data concerning the subsequent educational careers of 
scholarship students in secondary schools, in English provincial universities, and 
in the foundations of Oxford and Cambridge. The resulta, save only in the case of 
Oxford and Cambridge, are profoundly disturbing and point to serious defects in the 

resent m of scholarship awards. The detail of these results does not readily 
end iteeli to a very brief presentation, but is set forth with great force, olarity, and 
much happy wit in this book. Reasons for the present state of affairs are discussed, 
and a number of interesting ions for amendment are made. The book can be 
recommended without reserve. It is & significant social and psychological study in 
performing which Prof. Valentine has done conspicuously able service to the de- 
velopment of educational selection in this country. 


Die Spaltung der Persönlichkeit: Deutsche Ubersetzung und Bibliographie. 
Von Witty Herms. Stuttgart: W. Kohlhammer. 1932. В. xvi + 270. 
R.M. 16. - 


This is the ninth volume of a series edited by Prof. T. К. Oesterreich dealing 
mainly with problems of personality. It contains excellent translations of в de- 
иша by the late Dr Morton Prince of the famous case of Sally Beauchamp, and 
of Dr Walter F. Prince’s detailed studies of Doris Fisher and Heinrich Meyer. The 
translator adds a full and well-chosen bibliography of studies in divided personality. 
A brief introduction by Prof. Oesterreich gives details of the careers and work of 
Dr Morton Prince and of Dr W. F. Prince. 


Mental Deficiency Practice. By Е. С. ЗнвовзАты, and А. С. У плламв. London: 
University of London Press. 1932. Pp. vii + 359. 198. 6d. net. 


This is a book which will be found of great value by the physician, the social 
worker, the Dien ied psychologist, or anyone else who has to deal with oonorete 
problems of mental deficiency. The clinical aspects of the problem are to the fore 
throughout, and excellent accounts are given of clinical examinations for the mentall 
defective, of the use of mental testa, of the general lines of diagnosis, and of the kinds 
of effecta of treatment that may be expeoted. Special sections deal with legal aspecta 
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of the problem involved in so far as English Law is concerned, with the work of 
Тоба! Education Authorities and with the duties of Local Mental Deficiency Authorities. 
An excellént range of specimen official forms is given. The book is in fact a practical 
manual which should speedily come to occupy an authoritative position in literature 
of its kind. Moreover, it is written very clearly, so that all who read may understand. 


Individual Psychology. Medicine and the Bases of Science. By Е. G. Своок- 
SHANK. London: С. W. Daniel Company. Individual Psychology Publica- 
tions, No. 3a. 1932. Pp. 71. 2з. 6d. net. 


- Under the general title, Individual Psychology and Medicine, the author nte 
four short essays on: Diagnosis; the Neurotic Character; Understanding ami 
Nature; the Patient. A er essay deals with Individual Psychology and the Bases 
of Science. -A list of English books dealing with Individual Psychology is included. 


A Note on the History of the Care of the Insane in Ireland. By Т. Р. C. KRK- 
PATRICK. Dublin: The University Press. 1931. Pp. 43. 


This pamphlet gives a concise and interesting account of the methods of treatment 
of insane persons in Ireland from very early times to the end of the nineteenth 
century. It is the fruit of an immense amount of careful research, and as an important 
ыр in the history of the development of publio opinion and private understanding 
in the treatment of mental abnormalities is of permanent value. 


An Introduction to Analytical Psychotherapy. By T. A. Ross. London: 
Edward Arnold and Co., Ltd. 1932. Pp. viii + 203. 10s. 6d. net. 


A second book on psychotherapy from the author of The Common Neuroses is 
very welcome. Whereas The Common Neuroses dealt with therapy by persuasion, 
this work treats of therapy by analysis, so that it is in reality a second volume of a 
two-volume work on psychotherapy, though there is a certain amount of overlap. 

This volume is essentially practical, written by a practical man of great experience 
who possesses the ability to say what he wants to say clearly and concisely. Dr Ross 
examines three questions: (1) Docs an unconscious mind exist? (2) If it does, can it 
be explored? (3) Does benefit accrue from ita exploration? It is obvious that the 
answers reached, after the discussion of much first-hand material, must be in the 
affirmative; but that is a comparatively minor point. The main interest is in the way 
in which the evidence is obtained. 

Besides the discussion, in an unorthodox manner, of such orthodox subjects as 
the Unconscious, Transference, Dreams, Some Sex Problems, etc., a detailed study 
of one individual case ia made. This, with the later chapter on Technique, gives an 
illuminating insight into Dr Ross’s methods. Throughout run the general principles of 
Freud, but they are modified, the psycho-analyst would maintain, so that they are 
no longer Freudian. This is true; but no good work can be done, especially in psycho- 
therapy, by one who merely follows in another’s footsteps. 

An Introduction to Analytical Psychotherapy should be in the hands of all who are 
interested in this branch of the art of healing. 


What we put $n Prison. Ву G. W. РаплноврЕ. London: Williams and Norgate. 
1932. Pp. 169. Ds. net. 


Studies in the Psychology of Delinquency. Ву Q. У. Рлплгновре. Medical 
Research Council Special Report Series, No. 170. London: H.M. Stationery 
Office. 1932. Pp. 113. 2s. ` 

These two very important works by Dr Pailthorpe to a great extent cover the same 
ground. The detailed case histories in the one are repeated almost word for word in 
the other. The book contains more general discussion, however, while the Report is 

. 22-2 
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more closely confined to а investigation which the author carried out. The 
investigation, which consi of very thorough and careful personal interviews, 
supplemented by equally carefully collected general information, dealt with a large 
group of prison cases. Dr Pailthorpe found that her cases could be classified under 
three main headings: the defective group, the psychopathic group and the adapted 
group. The psychopathic group contained cases of mental conflict and cases of 

chotio ‘disorders. It is made clear that the groups overlap. Many detailed case 
Вны are given, and the bearing of these, both on educational problems and upon 
criminal administration is discussed with $ clarity and force. Both the book and 
the Report are worthy of careful and detailed study, and the author is to be congratu- 
lated on a contribution to the psychology of the development and treatment of 
criminal tendencies of great moment. 


Caligula. By Н. Sacus. Translated by Н. Зтчаяв. London: Elkin Mathews 
. and Marriot. 1931. Pp. 224. 


The publishers state that this is “а brilliantly written psychological study of one 

of the most extraordinary pathological characters known to history." This is an 

eration, but nevertheless the book is one of great interest and it is much less 
unpleasant than perhaps many people will hope. 


. :Early Beliefs and their Social Influence. By EpwARD WESTERMAROK. London: 
. ‘Macmillan and Co. 1932. Рр. 182. 7s. 6d. net. 


This is the substance of lectures delivered at the London School of Economics. 
It is an attempt to trace the influence of early oustom and belief, particularly those 
clustering about magic and religion, upon various departments of social life and 
organization. After a brief discussion of the characteristic differences between magic 
and religion, Dr Westermarck deals in turn with their influence upon social practices 
connected with charity, hospitality, the place of children in society and the regard for 
truth, the growth of justice, duties to gods, marriage and sexual relations, and the 
position of women. Though there is nothing strikingly new in this work, a mass of 
evidence is skilfully and clearly arranged, and the book provides the social psycho- 
logist with important problems and data. 


Set the Children Free. By Frrez Wrrrets. Translated by Е. and С. PAUL. 
London: Geo. Allen and Unwin, Ltd. 1932. Pp. 242. 10s. net. 


The author’s ideas of the mental life of the child are derived mainly from Freud 
to Lévy-Bruhl, and he finds these ideas confirmed in his own first-hand observations. 
- .. After a general discussion he proceeds to deal with a number of specific problems 
mainly from the point of view of the relationship of parent and did: Fis main 
questions concern the methods of satisfying children’s curiosity: the correot regulation 
of punishment; the influence of the relationship of father and mother on the child, 
and of the child on the relationship of father and mother; nursery management and 
the child’s subsequent career; self-defence and imagination in the child; stepchildren; 
and the position of the children of divorced nte, of illegitimate children, and of 
orphans. A final chapter contrasts recent educational movements in Germany and 
Austria with the present position in England. The book demands discrimination in 
ite study, but taking it as a whole, it is an excellent and timely treatment of a number 
of difficult and pressing problems. 


_ 2 Diseases of the Thyroid Gland. By Cuo A. Фолл, London: Heinemann. 1932. 
Pp. xviii + 682. £3. 3s. 04. 
This finely produced and printed book is especially addressed to senior students 


and practitioners.: It contains a full and clear account of diseases of the thyroid 
9 apparatus and their treatment. The anatomy and physiology of the thyroid gland are 
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treated at considerable length and with particular care. There is a very full discussion 
of а ite diagnosis, causation and treatment. The volume is the outcome 
mainly of direct observation and clinical experience, but well-selected references to 
the vast mass of the existing literature are given. Few psychologists may be able to 
give this book the really detailed reading and study thar it deserves, nevertheless 
the volume is well worthy of the psychologist’s attention. In a field somewhat notable 
for wild speculation it remains strictly tied to scientific fact, and it gives many well- 
observed and recorded cases of the repercussions of glandular disturbance upon the 
temperament and character of the patient. Its twenty-four colour plates and two 
hundred and eighty-three figures are beautifully reproduced. 


The Maniac. Anon. London: Watts and Co. 1932. Pp. хіх + 269. 7s. 6d. net. 


This is the second edition of a book, first published in 1909, which purporta, and 
is guaranteed by the publishers, to be “в realistic study of madness from the maniac’s 
point of view." It gives a full and detailed account of the obsessions and delusions 
occurring during an attack of acute mania, as they were recollected and set down 
by the maniso on her subsequent recovery. 


An Introduction to Pnewmatology. By J. C. McKzrrow. London: Longmans, 
Green and Co. 1932. Pp. 179. 6s. net. : 


Pneumatology is defined as “the study of man, the religious animal, or, an ex- 
pression we shall use as synonymous, a spiritual being." This book therefore is a 
series of essays on the psychology of religion. And the essays are undoubtedly worth 
reading, for they contain much serious thinking and are written in an incisive and 
attractive manner. The author believes that the spiritual being ‘emerges’ when the 
‘natural animal’ has become aware of the limitations of reason. He endeavours to 
describe the mode of this ‘emergence’ in some detail, and then proceeds to consider 
the pathology of religion, revelation, contrition, and ‘intention’ which is the direction 
of an action "performed solely for the glory of God, without the alloy of any human 
motives.” A great of the book is necessarily controversial in character, and many 
of the author’s rather blank dogmatisms May arouse opposition on the part of the 
reader, but he has succeeded in producing a stimulating volume. 


Тез pouvoirs inconnus de er da sur la matière. Par Dr EvuakwE Овту et 
ManozL Озту. Paris: Félix Alcan. 1932. Pp. 153. 25 francs. 


This volume is an account of the experiments conducted by the director of the 
Institut Métapsychique, in Paris, with the help of his son. The subject of the inquiry 
was the yo Austrian medium, Mr Rudi Schneider, whose alleged ‘supernormal’ 
powers Tare Loon the oentre of heated controversy for some years. Ámong his 
supposed psychic faculties is the power of moving objects at a distance without any 
normal contact. This surprising phenomenon is said to be exercised under rigid 
conditions of control, although the evidence for this has been contested. 

In the present series of experiments proof of these faculties is sought by means of 
an installation whereby the passage of infra-red rays, when interrupted, controls an 
electric circuit, which in turn actuates the registration instrumenta. 

The medium, having entered into а НОВ roughly designated as trance be- 
comes ‘controlled’ by a шу personality, ог soi-disant spirit, who direots the 
operations. The куса force is then extruded by the medium towards the field оп 
which the infra-red rays have been directed, and by their interruption at varied 
intervals the influence at a distance is demonstrated and recorded on photographio 
paper. The records of the medium’s h псва (180 to 400 per minute) are interesting 
when compared with the chronological series of infra-red interruptions, which take 
place, not only at the direction of the medium’s ‘control, but also at the will of. the : 
observers. а : 5 т 
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Tf valid, it is cléar that these experiments are of some considerable importance. 
Indeed it would appear that, assuming all sources of error be excluded, К & 
new field for intensive research. It is, however, difficult to understand why Osty 
did not call for independent verification whilst the experiments were in p . 
Without some such control it will not be possible to persuade the scientific world that 
Mr Rudi Schneidér’s powers are what is claimed for them. Moreover it is unfortunate 
that the record‘of the medium himself is open to grave criticism. Although something 
of his history has been printed in the present volume, the reader will look in vain for 
an account of those incidents in his career which have led many competent observers 
to cherish serious doubts concerning the reality of his alleged faculties. 


Harold Haffding: In Memoriam. Copenhagen: Gyldendal. 1932. Рр. 112. 

This memorial volume contains articles by Edgar Rubin, J. Jergensen, V. Kuhr 
and Е. Brandt, which deal both with Heffding as a man and with his chological 
and philosophical work. A complete bibliography of Hoffding's published works, 
by е Sandelin, is included. 


Causality. Edited by @ковев P. Avams, J. LOBWENBERG and STEPHEN C. 
РЕРРЕВ. University of California Publications in Philosophy. Vol. xv. 
1932. Pp. 231. $3.00. 


PROCEEDINGS OF THE 


BRITISH PSYCHOLOGICAL SOCIETY. 


November 15, 1932. 
December 1, 1932. 


November 16, 1932. 


Ootober 20, 1932. 


November 23, 1932. 


October 3, 1932. 


November 7, 1932. 


September 14, 1932. 


November 9, 1932. 


October 21, 1932. 


November 18, 1932. 


GENERAL MEETINGS. 
Business Meeting. (Followed by Lecture. See below.) 


Discussion Meeting. “Adaptation and Fatigue.” Opening 
speaker: Prof. Е. С. BARTLETT, F.R.S. 


LECTURES. 


“The Borderland between Education and Industry.” By Mr 
А. Н. Звумочь, B.So. ^ 


SECTIONAL MEETINGS. 
Мжртолт,. 


“The Technique of Group Psychological Work with Children.” 
By Dr MARGARET LOWENFELD. 


“The Psychology of Law-Making.” By Miss MARGARET Fry. 


EDUCATION. 


“A Borstal eriment in Vocational Guidance.” By Mr ALEO 
Roper, M.A. 


“Estimation of Character.” By Mr J. Ұкреск, B.So. 


INDUSTRIAL. 
“Colour Discrimination in Industrial Proceases.” By Mr W.O’D. 
Peros. : 


“The Place of Commercial Entertainment in the Worker's 
Life.” By Mrs 9. D. Leavis; Mr OLIVER RAPHAEL. 
AESTHETICS. . 
“Poetry on Poetry.” By Mr CHARLES WILLIAMS, 
“Artist and Scientist.” By Dr Н. Jannrxas WHITE. 
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THE RELATION OF ACTS AND CONTENTS. 
OF CONSCIOUSNESS?. 


By CHARLES 8. MYERS. 


У нем, a few weeks ago, I received the honour of an invitation to address 
a Plenary Meeting of this Congress, I had already prepared for one of 
its sectional meetings a communication on the statistics of vocational 
guidance. This, however, seemed to me too limited in its scope to interest 
any general gathering of psychologists. And in looking about for a wider 
theme, I was inevitably influenced by the interest which I had recently 
been taking in the relations between mind and living body, as well ав“. 
by the desire to choose a subject which might appeal to all, or to nearly 
all, the various ‘schools’ of psychologists. My choice, therefore, finally 
fell on the subject of consciousness; for this, even to the most extreme 


of ‘behaviourists,’ must appear deserving of study, however alien he... i 


may regard it to ‘scientific’ psychology. And I endeavoured to select - 
some special aspect of this subject which would be likely to be regarded 
as suitable for debate—neither, for.example, the functional or spatial 
relations of consciousness to living matter, nor the relative primacy or 
importance of conscious and unconscious mind (both of these being too 
highly controversial problems, dependent for their solution largely on 
the particular ‘school’ of psychology to which the psychologist belongs— 
and I belong to none), but the several kinds, or ‘modes,’ of consciousness 
and their interrelations. 

Surely, 80 it seemed to me, we psychologists would all agree in re- ` 
cognizing three modes of consciousness—(i) the consciousness of mental . 
activity itself, (ii) the consciousness arising from, and consisting in, the 
mental outcome of (conscious or unconscious) mental activity, and 
(3) i in some way closely related to the two foregoing—the affective con- 
sciousness. It is mainly the relation to one another of the first two. of - 


these three modes of consciousness to which I venture to direct your . x 
attention to-day—the relation between what are commonly ‹ called: (а) the .. 
acts (or, to use a variant, but perhaps not quite equivalent, ‘term, the ." 7 


rw 


1 А paper read to the Tenth International Congress of гоа, at Copenhage 
August, 1932. 
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` 844 The Relation of Acts and Contenis of Consciousness 
| processes). of consciousness and (b) the contents (or correspondingly, the 


products).of consciousness, or the conscious ‘material’ on which conscious 
méntal work may be performed. In the brief time at my disposal I shall 


< - only-be able to allude cursorily to the important third, or affective, mode 


Bc of, consciousness—the feelings. 


a 


UI thought, too, that we might all agree in what is meant by the ‘acts’ 


Ы and by the ‘contents,’ ‘products’ or ‘material’ of consciousness. On the 


one hand, we readily recognize the conscious acts of apprehending, re- 
lating, recalling, etc.; on the other hand, distinct from these, are the 
equally obvious, conscious ‘products’ of those acts—4hat is apprehended, 
what relation comes to be discerned, what is recalled, eto. On the one 


' hand, too, stand the conscious acts of attending, deliberating, deciding; 


on the other hand stands the conscious ‘material’ to which we attend, 
about which we deliberate, on which we decide. 
We should further agree, I thought, that all conscious acts are acts 


^of what we term the ‘self’—in other words, that all conscious activity 


invariably implies self-activity, and that, without some kind of ‘self’ 
(however rudimentary) which might receive or act on the results of 
other mental activity within the organism, there can be no consciousness 
either of act or of product of mental activity. 

It is evident, however, that not all conscious ‘material’ or contents 
appear to be the products of conscious activity: for example, we are not 
bound to be consciously thinking in order that an idea should occur to 
us, and we receive sensations from stimuli and perceptions of famihar 
objects without being consciously active of the processes of sensing and 
perceiving. Hence arose the notion of conscious ‘presentations’ to the 
consciously active self; and hence, too, we may, at first sight at all events, 
conclude that the contents of consciousness may occur under one of two 
alternative conditions, namely either as the result of, or in the absence 
of, acts of consciousness. 

At first sight, too, we may be а ЕЧ to conclude that, Just as we 
may apparently have contents of consciousness without the neceasity of 
having acts of consciousness, so we may have acts of consciousness 


"without the necessity of having contents of consciousness. For we seem 
^. о be able to experience an act of apprehending, recalling or attending 


. without necessarily experiencing what is apprehended, recalled or at- 


| 3 tended to. But I believe that this isolation of act from content is only 


apparent; ib seems to me that we cannot actively attend, apprehend or 


>. endeavour to recall without attending to, apprehending or recalling 
` Bomething, however vague, indefinite, or irrelevant; a conscious act must 
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yield a conscious йы even if it fail to take the form of a elear- cut 
and relevant percept, idea or relation. ; 

But if ‘acts’ of consciousness are invariably associated with ‘objects’ 
of consciousness, may not conscious ‘objects’ or ‘presentations ’—e. g. 
the sudden sound of which we are forced to become aware or the idea 
which occurs to the mind—also really necessitate ‘acts’ of consciousness?- `- 
We may admit that acts of sensation, acts of perception and acts of 
ideation may occur without involving conscious self-activity. But if, as 
I have premised, we are agreed that isolated fragments of consciousness 
are impossible, and that all normal consciousness is the resultant of one 
integrated and conscious self-activity, may it not be that the conscious 
products of unconscious mental activity (sensory, perceptual, ideational, ` 
etc.) become conscious by the act of being incorporated within that 
unitary mental system which we call the self, and that self-activity is 
essential for such incorporation? A sudden sound or an occurring idea 
would, on this view, remain unconscious until the self’s activity —its 
act of attention (whether ‘active’ or ‘passive’)—had ipso facto rendered 
it conscious. And a similar attitude is applicable to the so-called un- 
conscious wishes and unconscious feelings; we are powerless to describe 
them in terms of consciousness, t.e. as wishes or feelings, until they have 
· become conscious. se 

We might on these lines be disposed to erect vast systems of wncon- 
scious, ‘lower-level,’ mental activities engaged in building up unconscious, 
‘lower level,’ mental products which, in their final state of elaboration, 
may be presented to the mental system known as the ‘self’ and may, 
in virtue of the self’s activity on them, ultimately become conscious 
contents or products. We cannot possibly deny the occurrence of im- 
portant, congenitally and fundamentally unconscious, directive mental 
activities, such as occur, for example, in the integrative processes of. 
association, in the improvements which occur during rest after practice, 
in the processes of perseveration and forgetting, in the creative acts of 
genius, and in the processes of intuition, suggestion, volition, conflict 
and recall. But here the fundamental question arises—is the self some- 
thing primordially separate and distinct from these lower-level activities?’ 
Because we have termed them ‘lower-level,’ must they necessarily be -. 
wholly spatially at а lower level? In other words, does the self, in the 
course of mental evolution, owe its origin to the sudden’ emérgence of. 
totally new higher-level processes and its enrichment to the increasing 
entry and the complex integrations within the self of в and originaly 2 
independent lower-level unconscious activities? ' i | 
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Is this а likely view? Or is it not more probable that the self is as 
old as the individual organism and that it has developed by releasing, 
by dissociating, consciousness from what now appear to us ав lower-level 
unconscious mental activities? Is not the self rather primarily a diffuse, 
widely spread formation, and are not these so-called ‘lower-level’ mental 
activities secondary, often functional, rather than primary, spatial, 
formations? Regard, for example, the acquisition of habits within the 
Jife of the individual. Do they involve the cessation of self-activity and 
the relegation of mental activity to spatially lower, unconscious, levels? 
Is there a mental, and correspondingly a neural, system of the self, 
reigning, as it were, pontifically aloft, which functions only in the con- 
scious learning of a new habit, ceasing to function any longer when that 
habit has been acquired and has become automatic? I venture to assert 
that we have no evidence, psychological or neurological, that different 
spatial ‘levels’ are involved according as a mental process is conscious 
òr аз; by repetition and familiarity, it becomes unconscious. I feel 
“convinced that, whether or not an act has become habitual, whether or 
not in the performance of that act conscious self-activity occurs, the self 
is nevertheless in either case, but in different ways; active. The presence 
or absence of-consciousness in self-activity must depend (a) biologically 
on the novelty of the situation and the need for adjustment, adaptation 
and direction of the whole organism, and (6) neurologically on the degree 
of resistance to, or of easy flow of, the resulting response in satisfying 
and restoring those disturbances from equilibrium to which the whole 
living organism is incessantly subjected. In other words, the presence 
or absence of consciousness depends on the kind of self-activity involved— 
on the biological need for directive activity of the entire self, in addition 
to its mechanical activity. ү 

I do not mean wholly to deny the occurrence of ontogenetic and 
‚ phylogenetic integrations and syntheses from original parts. But far 
more important, so it seems to me, is the differentiation, the analysis, 
of original wholes. Wherever we meet with a living individual organism, 
there we have, in however rudimentary a form, & conscious self, with at 
least some powers of adjustment, creation and foresight, engaged (may 
. I here be permitted to quote from another address) in “selecting from 
' alternative responses and from alternative environments those which 
are most advantageous to the ever evolving and developing organism. 
То secure the most suitable movements and environment and thus to 
help iri the evolution of the organism are the prime objects of conscious- 
'nes8;.and where, as in plants, mobility and plasticity are at а minimum, 
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self-activity and consciousness are inappreciable}.” If my view is 
correct, self-activity is to be regarded as the primary, fundamental, 
general directive activity, and not as the ‘highest’ unitary integration 
of ‘lower,’ originally independent, unconscious directive activities of the 
organism. 

If this be the truer view, a vague diffuse glow of consciousness 
throughout the most primitive living organism has given place, in the 
phylogenetic evolution of mental life, to a more clearly defined, more 
restricted and more exalted, consciousness. That is to say, in the evolu- 
tion of more complex living forms, lower-level, congenitally unconscious, 
mental activities have arisen by differentiation from what originally 
constituted activities of the conscious primitive self. According to this 
view, our humblest, purest, reflex action (which is unconscious both as 
regards act and product) is not the most primitive, but (in a sense) the 
most highly differentiated form of psycho-neural activity. And presen- 
tations to the self are to be regarded as the final outcome of the further 
evolution of higher self-activity—an evolution involving the differentia- 
tion of congenital lower-level activities never wholly distinct from the 
parent self-activity itself, which has, as it were, become ‘distilled’ from 
them. no 

Just as an acquired habit implies no entire absence of the self-activity 
which originated it, so sensation and perception in response to familiar 
stimuli or objects imply no entire absence of original self-activity (which 
is experienced indeed whenever a novel sensation or a novel percept 
occurs). Lower ‘sensory’ or even ‘sensori-psychic’ mechanisms and во- 
called ‘centres’ of corresponding neural activity there may well be; but 
they are not the centres (or seats) of consciousness, and they only function 
normally when they stand in normal relations with the entire organism 
on which the normal self surely depends. We have no right, then, to 
speak of independent, lower-level centres of conscious sensory or per- ` 
ceptual activity. Under pathological and experimental conditions these 
centres may reveal independent activity; but, like the behaviour of the - 
spinal or decerebrate animal, their activity under these conditions is 
not identical with their activity in the intact organism. The same is to 
be said of those unconscious mental directive activities to which I have © 
already alluded. | і 

As we descend the scale of sensations, from visual and auditory 


1 “Од the Nature of Mind. The Presidential Address of the author to the ‘Section of 
Psychology at the Centenary Meeting of the British Association for the Advancement of 
Science, London, 1931. ^ 
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experience, derived from extra-somatic stimuli, to kinaesthetic, thermal, 
algaesthetic and visceral experience, derived often largely or wholly from 
intra-somatic stimuli, we are able to trace a gradual change from presen- 
tations to the self (and their frequent projection as external ‘ objects’) to 
feelings (or modifications) of the self. Clearly this affective mode is a 
far more primitive kind of consciousness than is the mode of contents 
of consciousness. Primordially, even colour must surely have been ex- 
perienced as a mere ‘colouring’ of the self—an affective modification of 
the self, inducing and produced by self-activity. Primordially, then, 
there were no presentations to the self, but merely modifications of 
the self. | 
Such must have been largely the conditions of conscious experience 
before the evolution of the cerebral cortex, during (and before) the 
‘evolution of the optic thalamus which is still primarily concerned with 
en the’ ‘affective, primitively sensitive and instinctive forms of mental life. 
We tecognize, with the appearance of the cortex, the development of 
higher intelligence, fuller discrimination, and the finer discernment of 
relations and meanings. But even in pre-cortical times, all these must, 
according to my view, have been rudimentarily present. Intelligence has 
not suddenly ‘emerged’ at a certain stage of mental evolution, superim- 
posed on purely instinctive reactions. Experimental animal psychology 
has clearly demonstrated that meanings and relations (and all meanings 
depend on relations) are fundamentally inherent in all conscious ex- 
perience, however rudimentary. All mind, all life, involves relativity; 
the absolute (like the absolutely new) is a terra incognita. Weber’s law is 
perhaps the most fundamental illustration of the importance of ‘context’ 
for consciousness; the phenomena of contrast and adaptation constitute 
another. All consciousness and all response depend not only on the 
nature of the ‘stimulus’ but also on their relation both to past conditions 
and to the totality of present conditions. 

Even in the primordial modifications or colourings of the self we 
may discern the rudimentary appearance of ‘meanings.’ For why should 
the self be differently modified or consciously affected by, say, a blue or 
a red light (or by a high- and a low-pitched sound), unless such difference 
in consciousness was serviceable in evoking different, conscious, self- 
determined reactions—one colour (or pitch) evoking one biologically 
useful group of frequently alternative reactions, another colour (or pitch) 
anothér biologically useful group of reactions? Is it not clear that one 
kind of stimulus would come to ‘mean’ one kind of reaction, another 
kind of stimulus another kind of reaction? For fundamentally, what is 
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‘meaning’ but the ultimate use of a particular excitation, the tendency 
to some particular kind of act resulting from it—in other words, what 
that excitation is related to, or associated with, what it ‘stands for'— 
not, of course, absolutely, but relatively in regard to the total context? 

Thus each affection of the self may be said to have acquired its 
special conscious ‘colouring’ through its relation to the special series of 
responses which is consciously evoked. The meanings which these affec-.. 
tions acquire, as phylogenetically they evolve (in their natural and en- 
vironmentally more complex forms) into primitive percepts and (in their 
analytic, more abstract forms) into ‘pure’ sensations, is something 
obviously different from the later and fuller meanings ontogenetically 
acquired by percepts and ideas. Nevertheless, like all meanings, they 
are based on relations; and even at early stages there occurs too the . 
consciousness of relations between conscious experiences, first as feelings _ 
of the self and later conjoined with the developing ‘material’ of соп, : - 
sciousness. At 

But if, originally, conscious experience consisted merely or mainly.’ 
in acts of the conscious self and in preceding and consequent modifications 
of the conscious self, how are we to account for the awareness of a 
persistent self, t.e. self-consciousness? This must have depended on 
continuity of activity, on memory—persistence and revival—on integra- 
tion and disintegration, and thus on the formation of a single organized 
system of past experience, an ever active unitary stream of conscious 
awareness of what is acting and of what is being modified by such activity. 
This formation is, moreover, related to the two well-known kinds of 
memory—the memory of the unique individual acts of the self, and the 
memory of the sum total of corresponding modifications of (and later 
of presentations to) the self—the memory of unique acts of learning and 
the composite memory of what is learnt. 

We may with advantage, I think, once again approach our subject 
from a standpoint other than a merely spatial one. Psychologists have 
long recognized the difference between the ‘actual’ and the ‘specious’ 
present—between a present which is an ideal moment of time and a 
present which is really a unitary blend of far longer duration. Is not the 
basis of this difference also the basis of the difference between the con- 
scious acts of the self and the conscious modifications of and presenta- 
tions to the self? Is it not, too, the basis of the difference between the 
conscious acts of the self and the conscious awareness of the self?’ Surely 
the very occurrence of continuity of activity and of persistence and 
recall, and the integration that yields awareness of the present (which 
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is really a specious present), enable self-activity, with its powers of 
disintegration or dissociation, to become aware of its immediately past 
acts, to become aware of a self, and to become aware of modifications 
of that conscious self. Thus the self not only knows, but knows that it 
knows; it not only acts, but may regard itself, as acting, and thus 
‘depersonalize’ or ‘distance’ its acting; and, when subject to more 
. fundamental dissociation, it may exhibit all the remarkable and well- 
known phenomena of multiple and alternating personalities. 

If this view be correct, and if the ‘material’—the contents or pro- 
ducts—of consciousness is a mere development of modifications, or 
affects, of consciousness, then the notion of contents or products is a 
misnomer. Ideas, percepts and sensations are not comparable to the 
contents of a filled living bag, nor are they comparable to the products 
of merely mechanical activity. They are of the very tissue of directive 
‘self-activity, and have appeared with the very appearance of self- 

“awareness. They are an instance of that fundamental characteristic of 
continuous living process which consists in persistence and recall, in 
virtue of which the functioning of the self comprises not only its moment- 
arily present conscious acts, but also the persistence and revival of 
immediately previous and long past conscious acts. These build up the 
awareness of a systematized, continuous self and the consciousness of 
modifications of that self by successive acts of the self. There can be little 
doubt that the contents of consciousness are of a more mechanical nature 

` than the acts of consciousness; the latter consisting principally in direc- 
tive activity, the former only inducing and being related to such self- 
activity. But it would take us too far afield to-day to discuss this 
difference or, again, the differences between the consciousness of imaged 
and imageless, or of verbal and wordless thought, or of cognized and felt 
relations. 

Originally, as I have tried to ard the conscious self was so wide- 
spread as to include nearly every, if not every, mental directive aot of 
the organism. In the process of evolution, independent direction became 
possible in the activity of lower differentiated levels, while consciousness 
became more and more restricted and exalted so that its presence came 
to depend on the activity of more and more highly differentiated, de- 
limited and integrated, yet wide, areas of nervous tissue. And it is on 
this unitary integrating and disintegrating system that the acts and 
contents (as well, of course, as the affective-side) of consciousness depend. 
The momentary activities of the self in the actual present give rise to 
conscious acts; its Immediately past activities in the specious present 
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through their continuity of origin contribute, with more remote revivals, 
to the generation of conscious products and affects and of self-awareness. 
Conscious acts and conscious products are fundamentally not two un- 
related modes of consciousness but are the expression of a common, 
ultimate, individual self-activity, distinguished, like all living activity, 
by evincing inherent direction, purpose, oreation and struggle for exist- 
ence, besides being subject to the blind, lifeless forces of abstract 
mechanical activity. dil 
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ЕСЕР 


I. INTRODUCTION. 


IN a critical article by Prof. Karl Pearson (1) on the Theory of Two Factors 
it is suggested that “some 12 to 15 abilities...the abilities being settled 
by psychologists a priori to avoid ‘overlaps,’ are essential to a satis- 
factory test [of this theory], the observations to be made on а homo- 
geneous population of several hundreds” (p. 261). The present paper 
describes a test of the kind that Prof. Pearson demands, using correla- 
tions for some 20 abilities. The research was organized by one of us 
(W. Brown) over a year ago, in connection with his re-testing of his own 
earlier correlational material by Prof. Spearman’s ‘tetrad criterion’ (3), 
and he has made himself particularly responsible for the mathematical 
arguments and conclusions of the investigation, including the curve- 
fitting. But the mental tests were devised and applied by Dr W. 
Stephenson, and the correlation coefficients and tetrad differences were 
also calculated by him. Some preliminary remarks, from both psycho- 
logical and mathematical viewpoints, are called for. 
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IL THE VIEWPOINT OF EXPERIMENTAL PSYCHOLOGY. 

The psychologist does not select the 20 abilities on a narrow a priori 
basis. The abilities are found by a slow process of experimentation and 
test refining. Moreover, this experimentation is itself based upon the 
theory of two factors. The psychologist devises tests that, approximately, 
should fit a theoretical criterion (that of zero ‘tetrads’).1 


But it betrays a misconception of the nature of a scientific theory tos S 


say that, thereby, the psychologist is working in a closed circle. On the 
contrary, he works like a physicist; he establishes the fact that under 
certain conditions the criterion is satisfied, and he determines the nature 
of these conditions. The core of the matter is that in this way, and 
generally, the theory of two factors works for psychology. When reason- 
able agreement is found -between the criterion and correlational facta, 
the common factor can receive an acceptable psychological explanation. 
When the criterion and facts do not agree the psychologist makes a 
determination of ‘overlap,’ ‘group factors,’ or ‘specificality®.’ Again (and 
this is the essential matter), it is found that either the specificalities have 
acceptable psychological explanations, the true influence of which had 
been neglected, or that a field of research is opened up for facts that are 
essentially new and unexpected. 

Thus, what for mathematics is a failure of the criterion is for 
psychology a pointer to new psychological findings. The proof of the 
theory is much more than a purely mathematical matter. There is 
in the proof the foundation and development of & scientific experimental 
psychology; and, although we would be modest, to that extent it con- 
stitutes a ‘Copernican revolution.’ The mathematician, given the data, 
might prove the theory to acceptable limits—it is во proved, even for 
the exacting conditions laid down by Prof. Pearson, in the course of the 
present paper. But only the psychologist can now disprove the theory. 

The mathematics and the psychology of the theory of two factors 
are now so developed that the mathematician, before he can test out 
some of his sub-theories, can scarcely proceed unless the experimental 
data are as precisely as possible of the kind that the psychologist daily 
tries to supply for the progress of his science. It seems that neither the 
mathematics nor the psychology can be absolutely rigorous, any more 
than is the case in physics; and neither can proceed without the other. 

1 Other testa can be devised, likewise, that should not fit the criterion, as ia the case 
when tests are too similar. 

2 The term ‘specificality’ covers both positive (‘overlap,’ or ‘group factor’) and sub- 
tractive or negative influences, It stands for any disturbance of the tetrad criterion. 
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ТП. AN EXAMPLE OF THE WORKING OF THE THEORY. 


Ап illustration of the modus operandi of the theory of two factors 
can serve to amplify the above viewpoint and introduce some of the 
requirements of a test of the theory. 

It was found by one of us(8) that verbal intelligence tests did not, 
whereas certain non-verbal tests did, agree satisfactorily with the tetrad 
criterion. A theory of an additional v-factor, a group factor, was 
tried out for the verbal tests, and with further researches the full force 
. of the influence of reproduction and experience on these verbal tests was 
made apparent. It now appears that only when past achievement, and 
therefore the réle of retentivity and reproduction, is rendered as simple 
as possible, as when primarily perceptual tests are used, does the criterion 
agree well with the facts. A réle for past experience and reproductive 
processes can scarcely be denied for the verbal tests, and the theory .of 
two factors works because it isolates in a v-factor the activities in which 
experience and reproduction are strongest and most to be expected. 
Part passu, the theory works in so isolating a purer field of perceptual 
tests within which eductive processes can be considered to hold sway. 


IV. REQUIREMENTS FOR A TEST OF THE THEORY. 


The important requirement is the set of 20 or so non-overlapping 
abilities. 

It has been shown(4) that non-verbal tests, that were primarily per- 
ceptual in form, supplied correlations agreeing with the theory of two 
factors for & population of 1000; and, as has been suggested above, the 
non-overlapping tests are most likely to be those of perceptual foundation. 
The work of Line) must be mentioned as a pioneer study with such a 
test. At the time of beginning the present research there were not 
available 20 sufficiently developed primarily perceptual tests. But some 
non-verbal tests can be used, with the knowledge that many serve as 
‘pure’ g-tests, each with g-factor and factors specific to the test, the 
latter condition obtaining because of the narrow range of the experiential 
or reproductive influences in them. For this reason two or more non- 
verbal tests, themselves not perceptual in any critical way, might act 
as ‘reference values’ for the primarily perceptual tests. The common 
visual fundaments of the latter may thus be controlled for specificality, 
although it seems impossible to conceive of any test that is less critical 
for all but eductive processes than these latter. We had available, then, 
11 primarily perceptual, and 5 non-verbal, tests. 
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Now any one verbal test could be used together with the above 
16 tests, in spite of v-factor content, because the v-factor would then be 
specific relative to the set-up of tests. But, in spite of their v-factor 
content, there were compensating reasons that made it desirable to 
include more than one verbal test in our battery. Verbal tests lend 
themselves to a freshness of working that helps along a long day’s 
testing; and they introduce high correlations with some of the рег- . 
ceptual and non-verbal tests. Of greater moment, there would seem to _ 
be no reason why a partialling device should not be used, whereby the 
v-factor is partialled out, leaving the intercorrelations amongst the verbal 
tests attributable to a g-factor, so that these partialled correlations 
might then be used as non-overlapping values, then comparable with 
the correlations amongst the perceptual and non-verbal tests themselves. 
Evidence could be sought in the present work for the applicability of 
such a partialling technique. Thus, we added 6 verbal tests to our 
battery, making 22 tests in all. 

With these tests specially prepared for group application to children 
of the age upon which it was decided to work, we have only to guard 
against sources of speoificality of the varieties described by Spearman (6), 
and data should ensue that are suitable for the mathematician’s detailed 
examination. A test of the theory of two factors requires a correlation 
table showing steep hierarchy, so that some of the tests need not be 
highly intercorrelatable. It would seem that a population of 300 is a 
minimum for use in fine correlational work. 


V. THE TESTS AND THEIR APPLICATION. 


Table I names the various tests, in order of application to the testees. 
: The following notes will help to give meaning to the table. 

Three hundred boys were tested in groups of not more than 25 per 
group. The boys were of age 10 to 104 years at the time of testing, and . 
were all the boys of that age in the two or three elementary school classes 
usually accommodating that age. Boys in lower classes, or those who 
suffered obviously from physical or scholastic disabilities, were not tested. 
Each group of boys attempted all 22 tests on the one school day, in four 
testing periods of about an hour each, commencing at 9.30 a.m., and 
ending at 4 p.m. A standard procedure was followed of demonstrating 
at least six sample test-units on the school blackboard just before be- 
ginning each test, and then allowing a fore-practice period to the testees, 
using test-units printed on the covering page of the test proper. The 
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time allowance for demonstration and fore-practice, and for the test 
proper, is shown in Table I for each test. 

A number ів given to each test in Table I: the letter ‘р’ following 
the test number indicates that the test is primarily perceptual; whilst 
‘п’ and ‘v’ indicate that the tests are non-verbal and verbal respectively. 
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Fig. 1. 


The tests numbered 1, 2, 3, 4, 5, 6, 10, 12, 13, 18 are described in. 
previous papers(4); and in each case the test used in the present work 
was a development of that of the same name used in the work on 
1000 children. Tests 10 and 11 are of the types developed by Fortes(7) 
and Line (5) respectively. No. 22 is the ‘Pitch Perception’ of Seashore’s 
Musical Ability Test(8), applied by gramophone. No. 7 consisted of a set 
of mazes of the well-known Porteus kind, but here prepared specially 
for group application. Nos. 8, 14 and 20 are considered to be sufficiently 
known by name. It is not considered necessary to enter into further 
descriptive details about any of the tests mentioned above, so that only 
the tests numbered 15, 16, 17,9 апа 19 need be given a short description. 

Fig. 1 shows & test-unit of the ‘Abstraction’ test (No. 15). The pair 
of drawings at the left-top are alike in a certain way; the second pair 
at the left-bottom are also alike in a certain way; and two of the six 
drawings numbered 1 to 6 have to be selected in which both the above- 
determined likenesses are to be found. 
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The Code test (No. 16) is a Substitution test. In No. 17 the same 
code items are used, but only parts of the code items are now provided, 
and the testee is required to substitute under each part the code number 
of the complete item. Fig. 2 (a) shows the code items used in test No. 16; 
and Fig. 2 (b) shows a short row of code-parts of test No. 17—the numbers 
3, 2, 4, 1, Б, 6, ... etc., have to be substituted under these code-parts. 

In test No. 9 (Pattern Perception) a pattern is given at the left, and 
this can be found exactly in the more complicated pattern at the right: 
a line has to be drawn around the determined pattern at the right. 
A test-unit is shown in Fig. 3. 
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Fig. 3. 


A sample test-unit of the Arithmetical Equations test, No. 19, is as 
follows: 
3 9 bD-T. 


The signs + and — have to be placed between the numbers at the left 
side of the equation, so that the left side then equals the right side, i.e. 


34+9-—5=7. 


VI. SooRING AND CORRELATION CALOULATION, 


The tests were scored by two competent psychologists, one test at a 
time for any one group of papers. 

Because almost all the tests had been used previously in work on 
10-11 year old groups, and were developed in accordance with results 
obtained for this age, the scatter of the score in each test was approxi- 
mately ‘normal.’ But, to obviate any disturbances in tetrads attributable 
to non-normal score distributions, a first step in the calculational work 
consisted in converting the crude scores for each test to values fitting 
a standard scale. The standard scale, used for every test, ranged from 
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score 0 to score 19, with frequencies 1, 2, 4, 7, 10, 15, 21, 27, 30, 33, 33, ... 
and again downwards to score 1, for the scores 0 to 19 respectively, 

Correlations were calculated, using the ‘difference’ method®. The 
‘differences’ were squared and added, using Burrough’s Adding Machine 
with tape recording. Seven-figure logarithms were used in all calcula- 
tional work. But the available multiplication tables that were used later 
were for tetrad calculations for three figures only, so that it is sufficient 
to report correlations to three ‘places of decimals only. 


УП. CORRELATIONS. 


Table II shows the first correlation table for 20 of the 22 tests. The 
tests numbered 21 and 22 are not used in the present work, because 
20 is a sufficiently large number for our present purpose. The two, 21 
and 22, were held in reserve; they were the tests last applied in the day, 
and this is the only reason why they, rather than any other of the 
22 tests, are held in reserve. 

But Table ТЇ cannot be employed as it stands for the test of the two 
factor theory. Six of the tests are verbal, entailing a v-factor, and two 
of the non-verbal, perceptual tests also entail specificality. There is re- 
quired a procedure for partialling out such specificalities, and the fol- 
lowing was adopted: 


(i) First the g-factor is partialled out of the set of tests involving a known 
specificality, using perceptual tests as ‘reference values.’ Thus, taking the v-faotor 
as a known specificality, the g-saturation of any verbal test is given by the following 
equation ê: 

үз Тер: Top t Tom Tops + et 
ae Tom t op d e 
Using g-saturation values obtained in this way, the g-factor is partialled out of the 
tests involving the known specificality by use of the following equation: 








Toiv, 7 fog - yg 


f, "A Tm ^ 
HE VI Aag VI no 


(i) Using the g-partialled correlations (‘specifio’ correlations) given above, the 
specificality saturation is next determined. This repeats the first step of (i) above: 


1 For в description of the converting method, see Stephenson (4). 
r- Я Ха; 7-Х (X-Y)-2» 
2 VX" —nm,3. VEP – пту ; 
з The subscripts ‘v’ and ‘р’ refer to ‘verbal’ and ‘perceptual’ tests respectively. The 
notation used in these first sections must not be confused with that of the Statistical 
Evaluation of Results, p. 361. 
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thus, the v-saturation of any verbal test is given in terms of the other verbal tests 
by the following equation: 


ri 


(1) Now restart with the first correlations, and partial out the specificality, 
using the specificality-saturations given at (ii). Thus, to partial out the v-factor 
use the v-saturations determined as at (ii) in the following equations: 

f. беин — Тому ру.» 
MT VITRE Ra 

The step (ii) can only be taken when the specificality correlations 
given at (1) themselves fit the tetrad criterion: there must therefore be 
at least four tests involving the same specificality, although three tests 
serve to determine specificality saturations. In most cases, however 
(other than for well-defined group factors like the v-factor), specificality 
is observed for two tests only; but to a first approximation the square 
root of the specific correlation can be taken to be the specificality- 
saturation of each of the two tests. Using this saturation value, the 
specificality can be partialled out as at step (iii) above. ` 

The above partialling procedures are theoretically warranted in our 
work, and we do not offer any further substantiation of them, but it 
should be observed that the probable errors of the above partial correla- 
tions are not known, although they can be considered to bea little greater 
than those for the first correlations. 

Apart from the v-factor there is obvious specificality in two correla- 
tions only in Table II, for the two Code tests (Nos. 16 and 17), and for 
two perceptual tests (Nos. 5 and 9). The Code tests are, of course, too 
similar to be free from overlapping. Using the above partialling pro- 
cedure we can partial out Code-specificality, leaving a correlation тылу 
attributable to g-factor only. In this way the first correlation 0-644 is 
reduced to 0-452. As for the tests 5 and 9, it was the first time that both 
had been used together in a correlation table, and the tests aro apparently 
too similar in some way, the spatial fundaments are similar and both 
require a certain drawing ability. Both have fairly easy test-units, and 
thus *speed-preference' is not an unlikely disturbance. But the corre- 
lation ту. need not concern us further; we shall find later that the test 
No. 5 is the source of other disturbances. The above partialling pro- 
cedure results in a value 0-518 in place of 0:655 for 75.9, the value 0-518 
now being attributable to g-factor only. 

A correlation table ‘corrected’ for v-factor, Code-specificality, and 
specificality between the two similar perceptual tests, is given as 

J. of Psych. хх. 4 24 
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Table III, the correlations now being reported in hierarchical order. 
They are now ready for tetrad examination. But, again, only after the 
tetrad examination can we decide whether the correlations are acceptable 
as ‘non-overlapping’ values. i 


VIII. THE PROBLEM OF FURTHER SPEOIFIOALITIES. 


There are 14,535 tetrad differences for a table of 20 tests. These were 
set down by Stephenson, and products and differences were computed 
by a well-trained and capable worker, using Cotsworth’s ‘Direct Calou- 
lator.’ 

Only some 23 of the 14,535 tetrad differences have values greater 
than 0-1000. An examination of the tetrads shows that the correlation 
тов (for the two verbal tests, ‘Understanding Paragraphs’ and ‘Classifi- 
cation’) accounts for seven of these large values, and that the mean of 
all tetrads involving this correlation is more than five times probable 
errori, This is a partial correlation, and its probable error is likely to be 
larger than that for a first correlation: but, even 80, the two tests are 
at the opposite extremes of quality-quantity preference—the * Classifi- 
cation’ is a speed test of a marked kind (only four words have to be 
regarded in each test unit, one of which is unlike the other three), whilst 
the ‘Understanding Paragraphs’ is much more a power test (involving 
the regard of a long paragraph, followed by answering questions about 
the paragraph). ‘Speed preference’ gives an advantage to the former, 
and a disadvantage to the latter test, and a misbalance of this kind 
frequently leads to specificality for the two tests concerned. It thus. 
seems allowable to discard tetrads which involve this correlation 1.43. 
(We could, if need be, re-score the two tests, penalizing for ‘speed’ in 
the one case, and allowing extra marks for it in the other, and so remove 
the disturbance.) 

Finally, one test, that of ‘Fitting Shapes,’ can be considered to 
account for nearly all other tetrad differences greater than 0-1000, the 
correlations of this test with tests numbered 2, 7, 9, 10 and 17 being 
particularly concerned. It is of interest that these tests amongst them- 
selves appear to show some slight signs of a group factor, on the border- 
line of significance. All these tests involve 'spatiality, and either this 
or speed preference could account for a group factor. If test No. 5 
(‘Fitting Shapes’) was the most highly saturated of a set of tests in- 


1 Using an approximate probable error, given by C. Spearman, Abilities of Man, 
Appendix, р. x, formula 14. 
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volving such a group factor, then the data we have obtained are 
explicable. It would seem acceptable to omit the test No. 5 from tetrad 
consideration. At worst it is no sin to omit one test from a battery of 
во many, even were there no readily acceptable explanation to be offered 
to the specificality that it entails. 

After removing the test No. 5, and all tetrads involving the correla- 
tion fg. (and these only), there remain 11,356 positive tetrad differences, 
with frequency distribution given in Fig. 4. This is the first set of tetrads 
that are offered as those obtained for non-overlapping tests and that can 
receive the statistician’s attention. 


IX. STATISTICAL EVALUATION OF RESULTS. 


We have first to determine the constants of the distribution of 
the 170 correlation coefficients. Grouping in intervals of 0-05, we 
: have: 


T = 0-413563 (0-418367 by actual averaging of separate 7'8); 

o, = V ua = 0-087268; 

рь = 0-0076157; p= — 0-00016834; ша = 0-00015647; 

„= 0-064157; В, = 2:6978; 2. Ва = (арргох.)1. 

(These are the values after Sheppards’ corrections had been applied. 
The uncorrected values were: 

о, = 0-088398; из = 0:007824; ра = — 0-00016834; 

шщ = 000016693; В, = 0-05917; В, 27219.) 
Accordingly from the Spearman-Holzinger formula (9) 


at= p PU- за os OO) о, 





N (n-3) ^ (n—3) 
where № = по. of cases (300) and n = no. of tests (19) 
= 0:00079937, 
о, = 0-02827. 
[Taking 7 = 0-41367, с, = 0-0282612.] 


In order to be able to compare this ‘theoretical’ value with our 
‘observed’ result (to be given later) we must determine its ‘probable 


1 Tables for Statisticians and Biometricians, vol. т, Table хш (b), р. 78. 
24-2 
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error.’ For this purpose we have employed the following formulae, given 
in thg article of Karl Pearson and Margaret Moula): 


on Wp l ta яа) — 2g (1 — 379) + AF ig + pat (n — 2) F (1—7) (2-- n7)] 
= 0-0468664 (p = no. of correlation coefficients = 170), 


oy ‚= XLI — 59? ps — 48 (1 — 79) pat 2 (1+ #8) pa 4ай) 


Np 
| (B, = 11, approx.) 
— 0-00000044839; 


Grid = pyl AF (1 — 79) ua - — 379 po AF 


= — 0-00000039295 ; 
of = 95 (ra-na-m s is 
+34 (ra-na-m- 82-20, m кй de 
= 0-000000057591106; 


Г. вев= 0-00023998, 
= оо, assuming approx. normal distribution 
(1), р. 268) 
= 0-0038349 ; : 
. P.E. of с, = 0-0025866. 
Thus the ‘theoretical’ value, z, = 0-02827 + 0-0025866. 


Turning now to the observed frequency distribution of tetrads, 
grouped in subranges of 0-005, we have the following distribution- 
constants: | 

Median (Quartile of Symmetrical Distribution) = 0-0214, 

в; = 0-031289, ^ u4— о = 0-000979, p = 0-00000269749; 


"ES = ia = 2-81446 (a platykurtic curve). 
As the tetrad-differences must lie numerically between —1 and +1, 
1 Pp. 258, 259, 260. We have written p —no. of correlation coefficients, and n —no. of 


testa, reversing Pearson's notation, for the sake of uniformity with the Spearman-Holringer 
formula. 
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the best-fitting curve must be a limited range symmetrical curve. Since 
В, < 3, the best-fitting curve is a Type П, Pearson Curve}, with equation 


у = yo (1 = 2). 


 2(8—B) 
вы Зада. 1188 [p= 39-16 in terms of unit of 
2 grouping (0-005)]; 
'. а= 34-468 (or 0-17234 in terms of size of tetrads), 
N x T (2m + 2) 
%= ужен {Г GE DE (N = 22,712) 
= 1412. 
Hence the equation to the best-fitting curve is: 
gà \ 13-669 | . 
y — 1412 (1 — im) (unit of grouping = 0-005). 
` Or, expressed in terms of tetrad-differences, 

т? 13-668 
pe (1 x uer) 
showing that it cuts the axis of æ at the points + 0-17234, making very 
‘high’ contact. 

The best-fitting normal curve 





РД 


zi 
oN 2 2% 
MEZ" 
zi 
gives the equation у = 1448e 783? (unit of grouping = 0-005). 

The accompanying figure (Fig. 4) gives the symmetrical distribution 
of tetrad-differences, with the Type II, curve (continuous line) and 
normal curve (dotted line) superposed. 

Applying the (P, x?) test for goodness of fit?, we have for the Type II, 
curve, (mid-ordinates), 


x-8 m — 21-69494 


for 22 groups in half the symmetrical curve; 
. P= 0-41764, 


1 Tables for Statisticians and Biometricians, Part т, р. lxiii. 

2 As Prof. Karl Pearson points out ((1), р. 276) this test is not wholly suitable to 
tetrad-differences, since “‘it is based on random selection from an infinite population, any 
member of which is equally likely to be drawn,” but it is useful in giving us at least com- 
parative values. For the Tables, see Tables for Statisticians and Biometrictans, Part т, 


Table XII, p. 28. 
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—a good fit, since one sample in 2-4 would give a fit as bad or worse 
to this curve. 
For the normal curve, (areas), x? = 46:82078, 


. Р = 0002612, 


—far less good a fit, although if we look at the visual pictures of the 
two curves in the diagram we see that the normal curve does not fall 
greatly behind the Type II, curve in closeness of correspondence to the 
observed values of the tetrad-differences. It is because of the large 
number of groups (22 for each half of the curve) that the numerical test 
of goodness of fit is so stringent and exacting in this case. | 

The above graduations were carried out in terms of mid-ordinates 
in order to be able to plot the curves. For the normal curve, areas were 
also calculated. In the case of the Type Ц, curve, Simpson’s quadrature 
formula, viz., 


| ydz = S (yo+ dyi + a); 


to change ordinate values into areas, was tried, but it made a difference | 
of only 1-5 in the two largest groups, and less than 1-0 in all the other’ 
groups. Hence for our present purpose the correction was unnecessary. 
Sheppards’ corrections, for high contact, had already been applied in 
determining the moments of the distribution. 

Tf т be taken as 14, the nearest whole number to 13-669, the equation 
to the curve becomes 


22 \14 
ioe (1 ~ pi) 


For this curve x? = 31:71508, therefore P = 0-07749—a less good fit. 

The one constant of our observed frequency-distribution which we 
can compare with the previously determined ‘theoretical’ value is 

о; = 0-031289. 
The excess of this over the theoretical value (0:02827) is 0-003019, з.е. 
1-167 (ог 14) times the ‘probable error’ of the latter value (0-0025866). 
This means that the odds are about 4 to 3 against such a deviation— 
a good correspondence of observation with theory. 

We may therefore conclude that, so far as this one frequency-constant 
is concerned, the criterion in the Theory of Two Factors satisfactorily 
passes the test of experience. 

1 The high value of х2 for the normal curve is mainly due to the ‘tail’ of the distri- | 
bution, viz., 9 for the 22nd group ‘over 0:105, although this represents no more than 
0-8 per 1,000 distribution. Neglecting this tail, we find x? for 21 groups —37-82078, giving 
P=0-01913. 
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X. A SUBSIDIARY TEST, 


The frequency-distribution of tetrads for 15 of the tests, omitting 
tests a, b, с, d and j of Table ПІ, was worked out, using the same unit 
of grouping, 0-005. For these 4095 positive tetrads, 

o; = 0:08116, 
a result no better than that for 19 tests. 
The other constants were: 
из = 0000971095, м. = 0-000002486, В, = 2-6362, 
giving a markedly platykurtic Type II, curve, with equation, 
gà 5748 
y (1 Ё vis) | 


cutting the axis of x at the tetrad values + 0-1186. 


XI. Crrricisms MET. 


It has been pointed out by Prof. Karl Pearson ((1), p. 247), that “їр, 
represents the correlation between the sth and ИВ variates in an inde- 
finitely large population which is going to be sampled, r,, the corre- 
sponding correlation in any particular sample, and F, is the mean value 
of fs for many samples; then F, is not equal to р.” Assuming normal 
distribution of the variates, an approximate expression of the relation- 
ship (10) is 





= 1 — р?, 1 
Ta pu [1 aH 0) gato]; 


where N is the size of the sample. 

Moreover “the variation of r round p due to random sampling is of 
the order of its standard deviation, namely 1/4/N." Hence in writing r 
in the place of p, as we must since we do not know р, and as Spearman 
and Holzinger do in deducing their formula, terms of the order 1/N4/N 
are neglected. If N is small this neglect may be serious. By applying 
our tests to 300 cases we escape the main force of this criticism. 

A second criticism of a mathematical ‘nature is that of Prof. E. B. 
Wilson (п) and Prof. Н.Т. H. Piaggio (12), that g is not determinate. But it 
has been shown by Prof. Spearman (13) that this indeterminacy diminishes 
as the number of tests is increased, and Dr J. О. Irwin 14) has proved “that 
g is not determinate but that its determinacy can be made as small as we 
please by taking a sufficient number of tests.” We may fairly assume 
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that the 19 tests employed in the present research are a large enough 
number to satisfy this condition. 

We are still faced with’ the further objection of Prof. Wilson that 
* this uniqueness (of g) is relative to the set-up, since, if we constructed 
artificial tests by taking linear combinations of the marks in the original 
tests in such a manner as to preserve the hierarchical conditions, the 
new g would not necessarily be the same as the old” (quoted from J. O. 
Irwin (14), р. 363). Nevertheless we need not as psychologists be greatly 
disturbed by this objection. 

The relation between the tetrad criterion and the “correlation be- 
tween columns” (hierarchical order of correlation coefficients) criterion 
has recently been reconsidered in an interesting paper by Dr J. C. 
Maxwell Garnett(15). One of the outcomes of his discussion seems to be 
the propounding of a quantity y which he conceives to be related to g 
as follows: “g measures how much the individual tries throughout the 
set of tests, у measures how much good his trying does" (15) (р. 372).- Dut. 
he admits that this is “only a rough guess and probably a wrong one.’ 
The equation connecting the two quantities is: 


9= 6 + ky, 


where G is the most probable value of g for the given mental tests of 
the same individual, and ““Ё is to be determined so that the standard 
deviation of y is unity." The argument is directly linked up with the 
work of Wilson and Piaggio. But since k tends towards zero as the 
number of tests is increased (Spearman and Irwin), the interpretation 
of y is not without difficulty. Dr Maxwell Garnett writes: “...there 
seems no reason why y should not be the same for the same individual 
“an every set оў mental tests. If, for example, y measured the individual's 
‘power of concentration’—perhaps how much ‘mental energy’ he renders 
available by а unit ‘effort of will’—y might Ъе independent of his per- 
formances фу, ..., 9, in any particular set of tests. Then g might measure 
how much ‘mental energy’ he manifests in the set of tests, so that g 
would depend on y and would be common to all the tests of the set” 
(p. 371). 

We hope that further analysis of our data may throw light on this 
and cognate problems, but the work must be postponed to a subsequent 
article. The main purpose of our research has been achieved, namely to 


establish Prof. Spearman's Theory of Two Factors on an adequate - i 


statistical basis. We have also found that & Type II, Pearson Curve 
fits the distribution of tetrads for our 19 tests very closely. 
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Table I. Showing the tests in order of application. 


Time Time 
allowed for allowed for 
Testing demon- the teet 
period No. Type Test name stration proper 
lst 1 v - Inventive synonyms 2 min. 3 min. 
2 n Alphabetical form 5 4 : 
3 ^ Alphabetical series 3 8 
4 v Disarr sentences 2 6 
5 p Fitting 3 8 
6 v Understanding paragraphs l 12 
2nd 7 p Mazes 2 4 
8 n Cancellation 3 3 
9 p Pattern perception 4 5 
10 p Analogies form 5 6 
1 p ification, *righta' 6 12 
9rd 12 n Mutilated pictures 2 4 
13 p Overlapping shapes 6 6 
14 v Inferences, seleotive 2 6 
15 p Abstraction, ‘pairs’ 4 8 
16 D Code 2 3 
17 p Code parte 2 4 
4th 18 0 Classification, selective 2 4 
19 n Arithmetical equations 4 6 
20 v Proverbs, selective 2 10 
21 p Series form 5 8 
22 p Pitch perception b] 10 
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Fig. 4. Symmetrical distribution of the tetrad differences. 
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(Reproduced by permiasion from Nature, vol. сххх, р. 588, October 15, 1982.) 


Table IV. Distribution of positwe tetrads. 


Range of 
tetrad 
0-000—0-006 
0-005-0-010 
0-010-0-015 


0-100-0-105 
Over 0-105 
Total 


Observed. 
frequency 
1472 
1383 
1300- 
1218 
1037 
968 
832 
731 
618 
493 
383 
811 
193 
163 
109 


11,356 


If, curve Normal’ curve 


РИ (mid-ordinates) ‘Normal’ ourve 


yo = 1412 Yo = 1448 
1408 1443 
1376 1407 
1314 1337 
1225 1288 
1116 1118 

992 984 
801 844 
728 706 
599 576 
480 457 
373 354 
281 268 
205 197 
145 141 
99 99 
64 67 
40 46 
24 29 
14 18 
7 11 

4 7 

1 10 
11,356 11,356 


(Manuscript recewed 26 September, 1932.) 


(areas) 
1441-8 
1405-6 
1335.8 
1237-0 
1117-9 
984-7 
843.3 
700-4 


A CRITICAL DISCUSSION OF THE 
SINGLE-FACTOR THEORY}. 


By J. 0. IRWIN. 
(Division of Epidemiology and Vital Statistics, London 
School of Hygiene and Tropical Medicine.) 


Tue theory of the Single General Factor introduced by Prof. Spearman 
has been used extensively in the field of mental tests. The theory is based 
partly on mathematical and partly on psychological arguments, but in 
discussing it and in its application, the psychological and mathematical 
elements have perhaps not always been clearly distinguished. A mathe- 
matical statistician, such as myself, cannot hope to deal with the 
psychological implications, but by endeavouring to state as clearly as 


““possiblé what the mathematical position is, what mathematical postu- 
. lates in fact are required by the theory, he may help to clear the ground 
-and leave the psychologist free to draw conclusions from these postulates 


together with the observed facts. 

Let us briefly consider what the Single Factor Theory is. If we have 
examined a number of people in a series of tests a, b, c—and if the per- 
formance of any particular person (z) in these tests is represented by 
the marks Maz, Жы, Mog, and if 


Тас = №9 + As Sars x 
Mog = №дг + As Soz» 


where g, is uncorrelated with Sas, бы, б, ..., and the S's are uncorre- 
lated with one another; that is to say that if the marks in any particular 
test depend on two factors, one of which is the same for all tests and 
the other specific to the test in question, then it may be shown that if 
we work out the correlation, coefficients between every pair of teats, 
every tetrad such as 

Yap tod — Тада 


will be equal to zero. i 


1 A paper read to Section J of the British Association, September, 1932. The term 
“Single Factor Theory” has been used in preference to “Theory of Two Factors” because 
only the nature of g is considered here; specific abilities are not dealt with. 
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Conversely, if the tetrads vanish it may be shown. that there is a 
single general factor. 

Зо much is incontestable, but at this stage we have to face three 
difficulties: 

(1) In actual practice the correlation coefficients are subject to 
sampling errors, and we require to know how large our tetrad differences 
may be owing to fluctuations of sampling, when there is in fact a single 
general factor present. It is not proposed to discuss the sampling 
problem in this paper; it is sufficient to say that while existing approxi- 
mations to the sampling errors are probably good enough to give us 
some appreciation of the significance or non-significance of a set of tetrad 
differences met with in practice, I think that a really satisfactory treat- 
ment of the sampling problem is still to come. 

(2) It is not sufficient to be able to demonstrate the existence of a 
single general factor. We require to measure it. Here another difficulty 
comes in. Recent work of Heywood(4), of Piaggio(3), and of E. B. 


Wilson (1, 2) shows that the vanishing of the tetrad differences is nota... 


sufficient criterion completely to determine g. There is an indeterminacy. : 
in the solution which may, however, be made as small as we pleasé by 
increasing the number of tests used. (See also (5).) is 

In work of this kind it is usual to express the test scores in standard 
measure; that is to say, each person's score is expressed as & deviation 
from the average in terms of the standard deviation as & unit. If we do 


this and denote a person’s score in a series of tests «а, “6, “с”... by 
a, b, с, ..., then it may be shown that 
g= кї + k'i, 
Kara 1 Mob 
п ааа 
Т 
ы 


ей A, Е (1) 


Та? ас ag 





where t= 


TEE 


with similar expressions for py, Hos ...- 

Here everything can be estimated from the data except t, which is 
an arbitrary variable with unit standard deviation uncorrelated with 
any of the test scores. 

In order to get an appreciation of the numerical importance of the 
indeterminacy represented by +, the following experiment was performed. 


ws 
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Five samples! of 25 were drawn at random from a universe in which 
the variate could vary from 0 to 100, the distribution in the universe 
being as nearly as possible normal. These five samples (headed A, B, 
С, D, G) are shown in Table I. G was taken as representing the single 
factor and the values 

._4 +056 p В+ 0:69 , +078 ga 2t 08€ 
15 ^ L6 ^" 112°? 1-8 
were calculated. а, b, с, 4 were then taken as the scores of 95 subjects 
in four tests, and the theory was applied to see how nearly it would re- 
produce G. In Table I a, b, с, d and G are also shown in standard measure. 

We may calculate: 

(x) The expected values of the correlations between a, b, с, d, on 
the assumption that A, B, C, D, G are all uncorrelated with one another. 
These values will satisfy the tetrad criterion exactly. 

(8) The observed values of the correlations from our samples of 25. 


: These will differ from the former because owing to fluctuations of 
‘sampling our 26 values of А, B, C, D, G will not be quite uncorrelated. 
= “=... Actually we find i 


Expected values Observed values 


fab 0-23 0-43 
fac 0-26 0-36 
таа 0-28 0-21 
Tho 0-30 0-56 
"ba 0-32 0-51 
теа 0-36 0-44 


The observed values are well within their sampling errors in magni- 
tude, but five out of the six are higher than the expected (the conditions 
of random sampling being in this respect not quite satisfied). 

The observed values give us 

Tab ea = 0°19, 
Таоа = 0-18, 
Таас = 0-11, 
во that our three observed tetrad differences are 0-01, 0:07, 0-08. 


1 The samples used were obtained by Dr Shewhart of the Bell Telephone Company. 
4000 drawings of a chip from a bowl were made with replacement; that is, after drawing a 
chip, it was replaced and thoroughly mixed with the others before another was drawn. 
In the bowl there were 998 circular chips on each of which there was a number. Forty 
chips were marked 0, 40 were marked —0-1, 40 were marked +0-1, and во on, the classes 
differing by units of 0-1 and the frequencies in them being as nearly as possible normal. 
The range was from – 3:0 to +3-0. 

For our purpose the five samples of 25 were selected at random from the 4000 and the 
scale was then changed so that the scores could run from 0 to 100 instead. 
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Applying the theory to the expected valués of, the -correlations 
gives us | | 


д = 0:20а + 0-256 + 0-31е + 0874 + 0-60. ...... (ii) 
Applying the theory to the observed values gives 
gf = 0-09a + 0-60b + 0-280 + 0-124 + 040i. ...... (iii) 
Using these values, we calculated 
(a) gı = 0:20a + 025b + 0-31c + 0:874, 


i.e. the determinate part of g calculated from the expected values of 
the correlations (assuming $ to have its average value zero). 


(B) gy = 0-09a + 0-606 + 0-28c + 0-12d, 


i.e. the determinate part of g calculated from the observed values of 
the correlations. 

A sixth sample of values was then drawn at random and taken to 
represent i. After expressing the results in standard measure, these 
values were substituted in formulae (ii) and (iti) giving gg and g,. The 
results are shown in Table II. We find 

Tag, = 0°83, тб, = 0°82, те, = 0-81, Taq, = 0:83. 

The agreement must be regarded as satisfactory, but it must be 
noted that we may be badly out in individual cases, and the results 
give us an idea of the sort of accuracy with which we can estimate g 
from 25 subjects in practice. The agreement between G and g, ог G and gp 
would not be improved materially by increasing the size of the sample; 
it would, however, be improved by increasing the number of tests. The 
agreement between g, and gs, however, would improve with increasing 
size of sample. The same remarks apply to g, and 494. 

(3) The third difficulty which has also been brought to light by 
E. B. Wilson’s work can be stated somewhat technically by saying that 
g is not necessarily invariant for linear transformations. To explain what 
we mean by this statement, let us suppose we have four tests a, b, с, d 
which satisfy the tetrad criterion. Now suppose we form four new tests 
artificially by taking weighted combinations of the scores in the original 


tests, e.g. a’ = И, а И, 6+ W, c-- W,d 
b = Wat Web Wc Wed (iv) 
c! m Wyat Wd + Wyye+ Wiad ое 


d' = Wisa + Wib + Wise + Ива 
1 The values of r4, and r4, are somewhat higher than might have been anticipated 
Ggs 604 ра 


owing to the faot that our 25 values of G and $ are positively correlated to the extent of 
+0-26 owing to fluctuations of sampling. 
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We can ‘suppose the weights chosen во that the standard deviations 
of the new scores are also unity. We may correlate a’, b’, с’, d' and form 
new tetrad differences with these correlations. These new tetrad differ- 
ences will not necessarily be zero, but it can be shown that they can be 
made zero by a suitable choice of weighting factors. Suppose they are 
made zero, then we can estimate a general factor g' from a’, b’, c', d'. 
It can be shown that this general factor g’ will not necessarily be the 
same as 9, though we can make it so by a suitable choice of combining 
weights. It may be shown in fact that if we write down the equations 
necessary to make the new tetrads vanish and to make the correlations 
of g' with a’, b, c', d' have any assigned values we choose to give them, 
we shall have fewer equations than unknowns, so that many solutions 
would exist. That is to say, by linear transformation we can geb ag’ 
having any value we choose to give it. In particular, we might make 
all the correlations of g’ with a’, b’, c', d' zero; in this case the new 
system would consist entirely of specific tests and they would have no 
. general factor at all. In actual practice our freedom of choice would be 
“somewhat leas than this, because the equations to be solved are quadratic 
and may: have no real solutions, so that а limitation of our choice would 
arise if we are to confine ourselves to real weighting factors. A furthe 
limitation would occur if we insisted on positive weights. 3 

А numerical example may make the process clear. Suppose we have 
four testa a, b, c, d with correlations 


Tob = 0-42, Tao > 0-48, Too = 0-56, Toà = 0-54, Ты = 0-63, Tod = 0-72. 
These form a hierarchy with 
fa; = 0:6, ты, = 0-7, 7, = 0-8, та, = 0-9. 
Now take 
a’ = 0-2420a + 0-4839b + 0-4839c 
b’ = 0-4885a + 0-2448b + 0-488bc 
c' = 0-4921a + 0-49216 + 024600 
4’ = 0-5141а + 0-62145 + 0-8383c — 1-3043d 
It may be shown that the standard deviations of a’, b’, c', d’ are all 
unity and 
Tar’ = 0-9658, Ту, = 0-9786, Fora’ = 0:9692, 
Tasa’ = 0-5883, Tysa’ = 0.5910, Tora’ = 0-5931. 
The tetrads will vanish and we find 
то’ = 09805, т = 0:9850, ғ, = 0-9884, fay, = 0-6000. 
J. of Psych. ххпі. 4 25 
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We can show that the g corresponding to a, b, c, d is: d р Р 
g = 0:1095а + 0-1603b + 0-2695c + 0-5531d + 0-34175, 
while g' corresponding to a’, b’, c', d' is given by 
gi = 0-4327a + 0-4148b + 0-3920c — 0-0120d + 0-0993;. 
This shows véry clearly that 9 and g' are quite different. The correla- 
tions between a’, b’, c' are considerably higher than would occur in 
practice. This is because in order to simplify the arithmetic to get 
a’, b’, c’, weights were taken in the simple ratios 
I, 2, 2, 
2, 1, 2, 
2, 2, 1, 


and the weights in the expression for 4’ were then chosen во ав to make 
Tag: = 0-6. This example is purely illustrative of the principle that g is 
not necessarily invariant, so that the use of higher correlations than 
would occur in practice is immaterial. 
To sum up the third difficulty we may say: s 
(i) Not all linear transformations of hierarchical systems will keep 
the tetrads zero. . 
(i) Of those transformations which do keep the tetrads zero, not 
all will conserve g. 
(ii) We can always find transformations which will conserve g. 


Thus as Е. В. Wilson has put it, “g is relative to the set-up”; whatever 
psychological importance may be attached to the existence of a general 
factor must be consistent with the fact that linear combinations of the 
scores of the tests chosen "may be meaningless." On the other hand, 
a particular psychological importance would appear to attach to those 
transformations which do conserve g. 

Finally I should like to say this. The single-factor theory as I under- 
stand it is a statistical device for showing whether a set of scores have 
one common factor or not; but it can tell us nothing about the nature 
of the common factor if it exists. Such common factors might well exist 
in other than psychological fields—E. B. Wilson has, I believe, given 
an example in meteorology—and they may exist in psychological fields 
unconnected with intelligence, for instance, a common motor factor 
seems to have been found lately over a limited field of manual operations. 

There is a certain analogy between the meaning of ‘g’ and the 
meaning of the correlation coefficient. A significant correlation coeffi- 
cient tells us that association exists between two variables, but it tells 


m 
о 


ВР BSoD ышын 


«о-о neH о 
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us nothing about the reasons for the association. A significant ‘g’ tells 
us that a series of tests has a common factor, but it does not tell us 
why. This has two consequences. First of all it should tend to make us 
careful of the inferences we draw from the fact of the existence of a 
common factor. On the other hand, the people who have found a ‘g’ 
emerging from scores artificially constructed from combinations of dice 
scores have no more disproved the possible existence of ‘general intelli- 
gence’ or ‘mental energy’ than a man who, having observed a corre- 
lation between the number of hearts in his own hand and the number of 
spades in his partner’s hand at bridge would have disproved that the 
correlation in stature between father and son was due to heredity. 


I am indebted to my colleagues Mr J. Martin and Mr Е. A. Cheesman 
for carrying out the computations connected with the sampling experi- 
ment. 
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Table I. Five random samples of 25 and the assumed test scores 





derived from them. 
Standardized 
co ыа 

A B 0 D G а b c й a b c d 

8 55 ‘ST 68 32 @ 48 47 46 10 -06 -04 -05 à —09 

55 55 5 38 6 56 58 5 49 04 0-4 11 —03 

3 м 68 68 Ба 6 5 5 58 13 0-2 03 0-5 

58 57 57T 67 45 54 5 t2 6T 02 0.0 0-2 04  —08 

33 50 47 8 51 д 5 м 378 —09 0-0 01 1.6 

63 з 48 ә 39 t9 236 а 936 02 -23 -12 -20 —09 

45 № 5 5 18 36 48 39 50 -13 -08 -l4 -03  —16 

53: T2 в 92 м 44 5 4 63 —06 02 07 09 —11 

19 48 60 68 18 14 387 48 43 -32 -14 -09 -0T -18 

з 50 2 15 з 60 5 42 а 08 05 -11 -09 

60 6 М 42 48 56 59 653 45 04 0-5 04 -06 —01 

6 62 а 65 48 58 Я 44 ST 06 —02 —08 04  —01 
ў 45 83 42 10 © 54 48 54 12 01 —03 0-1 

з б з 68 98 61 16 68 W` 09 2-0 1-7 19 

63 07 4T 62 63 63 66 54 62 10 1-1 0-5 0:8 

42 65 5 70 47 44 52 58 60 -06 -01 0-4 06 —02 

55 40 6 42 2 43 38 41 33 -O7 -17 -12 -18 -l5 

48 8 48 М 15 54 80 66 48 02 2-3 08 -03 

Бә 5 48 "73 Ө 5 60 5 6T 03 1-4 0-4 13 

ат 41 5 65 45 46 46 48 56 -05 -06 -08 03 —03 

B1 40 "5 5 вт 60 50 372 58 08 —08 9.8 0-5 

a5 38 40e 70 5 4 44 48 68 -08 -08 -05 0-9 

60 of 55 33 18 46 49 40 2 -05 -03 -13 -20 -18 

58 45 45 t3 63 60 652 5 ST 08 —01 0-2 04 

з 58 63 з 5 4 5 600 3T —10 0-3 18 -12 


* ac (4 405)15; b=(B+0-6G)/1-0; c (C 4-0-18)/1-1; d (D 4-0-8G)/18. 
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Table Il. Comparison between assumed observed values of g and 
values obtained from the theory (scores standardized). 





Theoretical values 

eran ЫШАНА —————À 

No. $ G (observed) gı 9s [^ 94 
1 12 -09 -03 -0-4 0:5 0-0 
9 0-4 0.6 0-5 0-6 0-7 0-7 
3 1-7 0-1 0-6 0-3 1.6 ~ 1-0 
4 -1:3 -03 0-3 0-1 ~06 -04 
5 0-7 0-4 0-5 0-2 0-9 0-4 
6 -04 -0-9 -17 -1-9 -1-9 -2-1 
7 -14 -1-6 -0-9 -0-9 -1:8 -18 
8 -2-0 -11 0-0 0-0 -12 -0-8 
9 -04 -16 -16 -165 -1-8 -16 
10 1-0 1.2 — 0-4 0:0 0-8 0-4 
11 -01 -01 0-1 0-4 0-1 0-3 
19 _ 0-8 -01 0-0 0:9 -05 -05 
13 -0-4 10 0-2 0-1 0-0 -0-1 
14 1-2 24 19 1.9 2.6 9-4 
15 _ 0-5 0-7 0-9 1-0 0-6 0-8 
18 0.2 -02 0:2 0-1 0-3 0-1 
17 1-0 -165 -15 -1-6 -0-9 -12 
18 0-4 1:3 0:8 1.6 1-0 1.7 
19 0-4 0-5 10 11 1-2 1-2 
20 0-1 -03 -02 -04 -02 -04 
21 -24 0-9 11 - 08 -0-3 -0-2 
22 -0-2 0-3 -02 -0-6 -03 -06 
23 - 0-1 -16 -14 -0-9 -13 _ 0.8 
24 1.0 0-7 0-4 0-1 10 0-6 
- 2 0-5 0-8 -02 0-3 0-2 0-5 


APPENDIX TO SECTION (3). 
A. The transformation represented by equations (iv). 
In general, if we have k tests we shall have k? unknown coefficients 


to determine. The condition that the new standard deviations should 
be equal to unity, provides & equations, while the new tetrad relations 


provide 52 further independent equations. This may be seen by 


noting that the tetrad relations are equivalent to the Ee D equations 


of the type Tan: = Targ’ Tow; the elimination of the & quantities шлу, fy; ++ 
leaves us with = independent equations. Thus if we assign any 
values to a’, b’, c’, ..., the equations can be satisfied withe 


_k(k-3)_ , +k 
=" 


ke- 3 k 
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degrees of freedom. If k = 4 this amounts to 10 degrees of freedom. 
g can thus be made to have any value we please by an appropriate 
choice of coefficients, but for given values of g and g’ some of the 
coefficients may be negative or imaginary. 


B. The coefficients in equations (v). 
The coefficients in equations (v) were obtained as follows: It was 
decided to take 
; 1 


“= JTO 





(a + 2b + 2c) 





t 


1 
= = (2446422), ...... 1 
visé 0) 
; 1 
С = 
М 16-52 
Thus the coefficients are in simple ratios, and the denominators of the 
expressions on the right-hand side of (i) are chosen to make the standard 
deviations of a’, b', c' unity. 
Taws Toros Toar Were at once determinable, and from these Tarr, РОТА 
Tog Were obtained by means of relations of the type 


an Taro 
То! = AL Pus : Ё 
The values fag: = 0:9805, rp: = 0-9850, Teg = 0-9884 were found. It 
was decided to take r;,..= 0-6. Now if we write 





(2a + 2b + о) 





а =мүа +0 + азс 
b = да + wb + wee 
€ = шуа + 436 + аус 
d' = шша + Wyb + Wye + 30 
where w, ..., Wg have the numerical values given in (i), the problem is 
to determine wo, #011, Wig, 4015 ВО ав to satisfy the new tetrad relations. 
Now we know ~- 
Tera = Taig Tage 0:0883, 
Tor = Таа = 0-5910, 
Тод = То, Таги, = 05931, 
and equations (ii) give us 
Аи + Bi Wi + Cy wy + Dy wig = т = 0:5883 
Ag Wio + By yy + Ою + De tory = rj; = os}, idus (ш) 
Аи + Bzw + Czw + Dg 4g = Tog = 0:5931 
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where Ay = M4 + Wey + 05% ac | 
Bi = ут + Н Шы | (iv) 
О, = Wy fas + WaT re + 4% 
D, = жута + 5 + 4037, 
Ag, By, Cz, D, are obtained by substituting w,, ws, to, respectively for 
1, Wz, Ww in equations (iv) and 45, Ву, Оз, D, by a similar substitution 
of 103, 108, 10g. s 
Now let а = V 1T-084,, а = V16-764,, аз = V16-52A, 
b, = V17-08B,, „= У1676В,, b = V16-52B, +. ...(У) 
c; = V1T-08€,, с, = V 16:7603, сз = У 16-5203 
Then ` Gy = 1-4 27, + fas 
by = fæ + 2+ 2t, 
` C = Tao + foo + 2 
dy = Taa + 2%а + Wea 
аз, by, са, da are obtained by substituting the coefficients 2, 1, 2 respec- 
tively for 1, 2, 2 in the equations (vi), while аз, 6%, c, d4 are obtained by 
substituting the coefficients 2, 2, 1. 
With the values of ray, Tse, Tea given in the text, we find 
а, = 9-90, b = 3:64, о = 3:60, d, = 8:24, 
Gy = 3-38, b,—2-96, e,— 9-52, d,— 3-15, 
4,—93:32, b,— 3:40, о = 3:08, d,— 3:06. 
We thus reach the equations: 
2-80ш 3-54. + 3-60 + 3-241, = 2-4314, 
3-38t04) + 2°9640,, + 3-52, + 3-16 3 = 2-4194, 
8-Здш, + 3-40шуу + 3-081, + 3-064, = 2-4105, 
or v, = 0-2582 — 0-196214, 
уу = 0-2468 — 0-28 72w,, 
1, = 0-2318 — 0-4650 
Finally, the fact that the standard deviation of d' must be unity gives 
rise to the equation 
Wag? + ц + Wig? + as! + 28000 Т + 21040 ys fos + 2900413 fag 
+ 2905 Wig y, + 280118013 + 2001840187 = 1. ...... (viii) 
Substituting the values (vii) in (viii) gives us а quadratic in w, in which 
the coefficient of w, can be shown to vanish. 


J. О. IRWIN 
We find ил; = + 1:3043, " 
leading to two solutions: 
Wy = + 0:5141 10,9 = + 0:0023) 
"am "oes cii apo c nm AES 
4018 = — 1:3043 wg = + 1:3043 


Using equations (i) of the text (x) gives us 
g' = 0-4327а + 0-4148b + 0-3920c — 0-0120d + 0-09937, 
while (x bis) gives us $ 


g' = 0:4280а + 0-40796 + 0-3808c + 0-01204 + 0-09934". 


Both of these are essentially different from 9, for 
g = 0-1095а + 0-1603 + 0-259бе + 0-5531d + 0-341T1. 


(Manuscript received 12 September, 1932.) 
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I. INTRODUCTION. 


Тне way in which trial and error learning, or the performance of a habit 
which has been acquired by trial and error learning, is influenced by a 
period of delay between the performance of a correct Tesponse and the 
moment when the animal obtains the reward is a problem of some 
interest in connection with the theory of learning. From theories such 
as those underlying Thorndike’s “Law of Effect @),” it might be expected 
that the effect of the reward in ‘stamping in’ the correct response would 
become less as the period of delay between the response and the reward 
is made longer. | 

There is not very much experimental evidence оп this question, and 
different workers (all working with rats, but employing different experi- 
mental conditions) have-been led to opposite conclusions. Watson (8), 
using & problem box and a delay of 30 sec., Simmons (2), using & maze 
and a delay of about 2 hours, and Warden and Haas (5), using a maze 
and delays of 1 and 5 min., all found that the delay had no appreciable 
effect on the rate of learning. On the other hand, Hamilton (1), in a 
carefully controlled experiment, found that a delay of 1 min. produced 
a marked decrease (about 50 per cent.) in the rate at which a maze was 
learnt. Hamilton also found, using the “Columbia Obstruction Method” 
(Warden (4), that the hunger drive, as measured by the frequency with 
which a rat would cross an electric grid to obtain food, was markedly 
decreased by a delay as short as 15 sec. before feeding. It is difficult to 
see the reason for these differences in the results of different workers, 
and further experimental work on this problem seems to be needed. 
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4 The present paper describes experiments on the effect of periods of 

delay of 30, 60 and 150 sec. on the maze performance of chickens. The 
experiments dealt with the influence of delayed feeding on the per- 
formance of chicks which had reached the horizontal portion of the 
learning curve, rather than with the effect of delayed reward on the 
initial learning. 


П. EXPERIMENTAL PROCEDURE AND TREATMENT OF RESULTS. 


The apparatus used was very simple, but it will be referred to as a 
‘maze, since the general principle of the experiment was similar to that 
ofa maze experiment. Fig. lis a plan of the apparatus, the run ABCD 








A B 
RB Di 
FB. Dg 
D C 
Fig. 1. 


being about 30 in. square, and being surrounded by walls about 1 ft. 
high. The ‘release-box,’ RB, and the ‘food-box,’ FB, had sliding doors, 
D, and D}, which could be operated by the experimenter. 

Each chick ran the maze, from RB to FB, once on each day, in the 
morning before it had been fed. At each trial a chick was given a score 
equal to log, A where ¢ was the time in seconds from the moment 
when the door of the release-box was opened to the moment when the 
chick entered the food-box. When the chick entered the food-box, the 
door D, was closed; and, either immediately or after any desired period 
of delay, & reward of four grains of boiled rice was presented to the 
chick on a small tray which slid under one of the walls of the food-box. 

The chicks were taught to run the maze for an immediate reward 
until the average learning curve became approximately horizontal. This 
usually occurred after about 14 days. They were then divided into two 
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groups, A and B, of as nearly as possible equal average scores. Group A 
continued to run the maze for a further number of days (usually six) 
with an immediate reward; while group B had a period of delay (e.g. 
1 min.) in the food-box before the reward was given. The treatment of 
the two groups was then reversed, group B running the maze for a further 
6 days with an immediate reward, while group А had a delay of 1 min. 
The treatment of the two groups was reversed in this way every 6 days 
for some weeks, usually until the birds became too large to pass easily 
through the doors. 

Tt is clear that if the delay has a depressing effect on maze per- 
formance, the average score of group А (which will be called S ,) should 
rise relatively to that of group B (Sg), during the first 6-day period, 
and that S3 should rise relatively to S, during the second 6-day period, 
&nd so on. (Actually, the change in the relative score of the two groups 
would be expected to be in one direction during the last 5 days of each 
of the 6-day periods and on the first day of the next 6-day period, and 
then in the opposite direction until the first day of the following 6-day 
period, since the changes in the reward conditions cannot affect the 
chicks' scores on the actual days on which the changes are made.) 
А graph showing the value of S,-S, should therefore rise from the 
second to the seventh day after the beginning of the differential treat- 
ment of the two groups, and a graph showing the value of S,—-S, should 
rise for the following 6 days, and so on. The slope of the first curve 
should be less steep than that of the subsequent curves, since in the 
first curve the reward conditions of only one of the groups have been 
changed, while in the subsequent curves the changed conditions of 
reward for both groups should contribute to the upward slope. The 
average of all these curves, except the first, was plotted in each experi- 
ment. 

It will be seen that this method of treatment of the results eliminates, 
as far as possible, the ‘chance’ variations in the scores of individual 
chicks, and that it also eliminates errors due to influences (such as 
changes in weather conditions) which acted on all the chicks. 


III. RzsurrS. 


Six experiments were made in the way which has been described, 
and the data for these are summarised in Table I, while the average 
curves (which should all slope upwards if the delay depresses the maze 
performance) for each experiment are shown in Fig. 2. It will be seen 
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that all the curves have an upward tendency; and hence that the results 
indicate that periods of delay of 80, 60 and 150 sec. all depress the maze 
performance of chickens under these conditions. 


Table I. 


(1) (2) (3) (4) (5) (8) (7) (8) 
Days 
| between 
Number of Ageat Delay succes- Number 
birds per end period sivere- ofre- ied soore for Effect of 
ево 


Ехр. group (days) (вес) versals  versals group delay 
1 7 and 6 54 30 6 6 1.28 and 1-18 0-14 
2 06 , 6 61 30 6 4 L30 , 1:22 0-07 
3 6 „6 47 60 6 1 114 ,, 1:08 0-14 
4 6 „8 37 60 7 2 1:06 „ 1:04 0-12 
5 9 , 9 50 60 8 2 13 „ 1:35 0-24 
6 6 „6 61 150 6 6 1:28 „ 1:05 0-13 





Fig. 2. Abscissae—Days after reversal. Ordinates—Difference in score. 
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But the fluctuations in the curves are so great as to make impossible 
accurate measurement of the effect of delay. A rough estimate may, 
however, be made by drawing smooth curves (the dotted curves in 
Fig. 2) through the points, and measuring the rise in these. One-half 
of this quantity represents roughly the average depressing effect of the 
delay when the delay has acted for the number of days between re- 
versals (shown in column (6) of Table I), since the curves represent the 
difference in score between two groups, the performance of one of which 
is being depressed by the delay, while the performance of the other is 
being improved by а return to conditions of immediate reward. 


Average score 








Fig. 3. Continuous line—Group A. Broken ai В. 
Circles indicate delay before feeding. 


The figures in column (7) give the average scores of all chicks during 
each experiment, and the figures in column (8) show the effect of delay, 
as deduced from the curves in Fig. 2. It can be estimated, from the 
data of Exps. 1 and 2, that a delay of 30 sec., acting for 6 days, produces 
a depression of about 0-1 in the average score. That is to say, on the 
average, a delay of 30 sec., acting for 6 days, increases the time taken 
by the chicks to run the maze from about 6 sec. to about 7-5 sec. The 
other experiments suggest that longer periods of delay have a greater 
effect than this, but the data are not sufficient to show how the effect 
varies with the length of the delay period. 

The behaviour of the chicks during the experiments did not show 
any unusual features. There were wide differences in performance be- 
tween individual chicks, and even the average curves for groups of six 
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or eight birds were far from regular. Fig. 3, which is typical, shows & 
portion of the performance curves of the two groups of birds used in 
Exp. 5. The circles indicate the days on which each group had a period 
of delay (60 sec.) before feeding. 


IV. FURTHER EXPERIMENTS. 


À few more experiments, which need not be described in detail, were 
made to test whether the chicks’ performance in running the maze was 
influenced by the place where the chicks spent the delay period. It was 
thought possible that chicks which spent this period in the food-box 
(which would, presumably, be strongly associated with food in the chicks’ 
minds) might show a better performance than chicks which spent the 
period in another box and were only allowed to enter the food-box at 
the end of the delay. The results suggested that this effect actually 
occurred, but that the maze performance was also influenced by several 
other factors, such as the illumination of the place where the delay was 
spent, and the possibility of seeing into the food-box from the other box. 
The chicks appeared to show a better maze performance if the delay 
was spent in a well-illuminated box than if it was spent in a poorly 
illuminated box, and to show a better performance if they could see 
into the food-box than if they could not do so. But these factors were 
not adequately controlled, and the results of the experiments were 
therefore inconclusive. 

The results do, however, suggest that maze performance with a de- 
layed reward is affected by other influences besides the amount of the 
reward and the length of the delay period, and it seems to be very 
probable that some of the apparent contradictions between the results 
of different experiments on delayed reward (cf. Seotion I) may be due 
to factors of this kind. 


У. Summary. 


1. Evidence is given that the performance of chicks in a very simple 
maze is depressed if, after the maze has been run, there is a period of 
delay of 30, 60 or 150 sec. before the food reward is given. Under the 
conditions of these experiments, a delay of 30 вес. in six successive trials 
increases the average time taken to run the maze by about 25 per cent. 

2. Further experiments suggest that maze performance is influenced, 
not only by the length of the delay period, but also by other influences 
acting on the animal during the delay period. 
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A REPETITION OF RUBIN’S FIGURE-GROUND 
EXPERIMENT. 


Ву M. В. DUTTON ax» P. М. TRAILL. 
(From the Cambridge Psychological Laboratory.) 


Тне following experiment was carried out in order to retest the effect on 
. recognition of figure dominance reported by Rubin!. The materials used 
were similar to his, and, in some cases, identical. A few representative 
cards are illustrated in Fig. l. These figures can be seen in either of two 
ways: (1) as white figures on a black ground, or (2) as black silhouettes 
against a white ground or as ‘holes’ in the black figure. 

The method of procedure was as follows: a series of twenty-four cards 
was prepared; twelve of these were exposed in a tachistoscope (time of 
exposure 0-23 вес.) at the first sitting. The subject was instructed to see 
the first six cards as white figures, the second six as ‘holes.’ The order of 
presentation for each set of six was altered for each subject. After an 
interval of fifteen minutes, three of the cards which had been shown as 
white figures and three which had been shown аз ‘holes’ were mixed with 
six new cards, and all twelve exposed in the tachistoscope; the subject 
was instructed to see these as white figures and to say which he recog- 
nized. This series was immediately followed by another containing the 
remaining six cards from the first series and six new ones, which the 
subject was instructed to see as ‘holes.’ Recognition was again required. 
Twenty subjects were tested in this manner. 

Rubin's results were, briefly, that when the instructions were to see 
a card as a white figure both at the first exposure and in the second 
_ series, recognition was more likely than when the card was re-exposed as 
a ‘hole.’ Conversely, cards exposed at the first sitting as ‘holes’ were 
more frequently recognized when re-exposed in the same manner. 

In attempting to verify this conclusion, our first problem was to 
produce the required types of perception. No difficulty was encountered 
with the perception of white figures; but many subjects found it difficult 
to see the cards as ‘holes.’ Two subjects who followed instructions very 
easily established a particular attitude toward the cards to Бе seen‘as 


ubin, E. (1926). enommene en. e; n: n 
1 Rubin, E. (19 Visuel wahrg Figur Cop Gyldendal. 
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‘holes.’ They thought of them ‘as some object,’ and then looked at the 
cards from that point of view. One of the subjects saw them as ‘stencils,’ 
the other as the ‘mouth of a cave, with the sea beyond.’ These ideas we - 





Fig. 1. 


borrowed and suggested to aid subjects who found ‘hole’ perception 
difficult—in some cases the idea of ‘cave-mouth,’ in others that of 
‘stencil’ gave most help. In a number of instances we introduced a trial 
card before the set of cards to be seen as ‘holes.’ Even then the success 
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attained in seeing the white as a background to a hole in the black was 
far from complete. The difficulty with the ‘hole’ perception will be dis- 
cussed below. For purposes of calculation the manner in which the card 
actually was seen has been used. Ambiguous cases in which the card was 
seen first as a white figure and then as a ‘hole,’ or vice versa, have been 
omitted}. 

Table I gives the number of cards which should have been, and the 
number which actually were, seen in the different ways. 


Table I. 
lst series Instructions to see white figure 120 White seen 156 
Instructions to see hole 120 Hole seen 72 
Ambiguities 12 
А 940 240 
2nd series Instructions to see white figure 120 White seen 143 
Instructions to see hole 120 Hole seen 90 
Ambiguities 7 
240 240 


The second or recognition series, then, will include in our calculations, 
221 cases of cards also exposed in the first series, instead of 240 (12 cards, ` 
20 subjects). Twelve omissions are due to ambiguities in the first pre- 
sentation, seven in the second. The total of new cards introduced into 
the second series was 233 (seven cards omitted because of their use as 
trial cards). 


Instructions to see white figure 117 White seen 135 

New cards} [сесин to see hole 116 Hole seen 89 
Seen both ways 9 

233 233 


A summary of the results showing the relation of recognition to the 
manner in which the cards were seen, taking no account at present of the 
new cards in the second series, is given in Table II. 


Table II. 
When the card was geen in: 
The same manner A different manner 
in both in the 2nd series 
series 


IIT IV 
I I As whitein Ist, Ав hole in Ist, 
As white As hole hole in 2nd white in 2nd 


Recognition occurred in 50 10 14 12 

No recognition occurred in 23 11 26 14 

Doubt occurred in 23 11 15 12 

Total 96 32 55 38 = 221 
1 See Appendix 


J. of Psyoh. xxi. 4 26 
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Considering columns І and ПІ on the one hand, and П and IV on 
the other, we appear to be dealing with different situations. The drop in 
recognition in III as compared with I seems to indicate an effect on recog- 
nition of the difference in the way the card was seen in the two series. 
This result is not paralleled in column IV as compared with column II. 
This is a second suggestion—corroborating the initial difficulty in ‘hole’ 

“perception—that seeing the white as a figure is a mental process in a 
different category from that of seeing it as a ‘hole,’ that the two are not 
on а comparable footing. Testing for a significant difference in power of 
recognition as between those cards seen in like and unlike manner on the 
second exposure, if we add columns I and II together and III and IV, we 
find y? = 9:37 with a probability of one in a hundred—bordering on a 
significant difference. If the significance is calculated for columns I 
and III alone, x? = 14-03 and the probability is 0-0009—an extremely 
small and significant value. (A direct comparison of the ability to recog- 
nize the cards when seen as white figures and as ‘holes,’ made by com- 
paring the figures in columns I and II, at least points toward the same 
difference of status between the two types of perception. Testing for a 
significant difference between the columns, we get xy? = 4-15 and the 
probability 14 in a 100 that this difference should occur by chance. This 
result, though, may be of little value since we always presented the 
white figure cards first at the first sitting—a point in method which we 
regret since it is recognized that the first things seen are most easily 
remembered.) 

Before accepting, for the white figures, a significant effect on recog- 
nition of the manner in which they are seen on the second occasion (that 
is, whether they are seen in the same or a different way), it is necessary 
to consider the number of false recognitions among the new cards or the 
number of recognitions we should expect by chance. Of the total of 
233 new cards, 47 were erroneously recognized: 28 of the 135 seen as 
white figures, 17 of the 89 seen as ‘holes,’ 2 of the 9 seen in both ways: 
Comparing the percentages falsely recognized with the percentages of 
those correctly recognized, we find recognition of the white figures and 
‘holes’ as shown in Table III. 


Table III. 
White figure: Correct 62-0 95 Hole: Correot! 26-4 9 
Falso 20-7 $, False 19-19 
Difference 31-8 % 6-3 % 


1 “Hole: correot” indicates number of correct recognitions when the card was seen as 
a white figure in the first and as a ‘hole’ in the second series. 
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Subtracting the percentage of false recognitions from that of true 
recognitions we have a difference of 31.3 to 6-3 per cent., still a 
reasonably large difference. 

To discriminate more precisely the causes of this difference of recog- 
nition several problems must be investigated. It is not enough to say 
that there was a change from a white figure to a white ‘hole’ in one case 
and not in another. In the first place, the mere alteration did not have 
the same effect when the sense of change was reversed. Both the initial 
difficulty of seeing the white as a ‘hole,’ and the difference in ability to 
recognize figure and ‘hole,’ suggest that a more careful analysis of the 
effect of instructions is needed. It may be that it was the strain of seeing 
the white as a ‘hole’ which was the dominant factor in making difficult 
the continuity between a past and present presentation necessary for 
recognition. This strain could be active whether or not the effort to see 
a ‘hole’ was successful. In the first series there were 37 cases where a 
white figure was seen when the instructions were to see a ‘hole,’ and one 
where the reverse order occurred. Of the 37, one produced ambiguous 
results in the second series and five were correlated with a similar 
inability to follow instructions to see a ‘hole’ in the second series. Con- 
sidering the remaining 31 we find the distribution in Table IV. 


Table IV. 
As white in 2nd series Аз hole in 2nd series 
Recognized 8 6 
Not recognized 8 6 
Doubtful 3 — 


The figures are small, but it is interesting to compare the ratio 8:8: 3 
where the card has been seen ag a white figure in both series with the 
ratio 32:13:10 for the similar situation differing only in the fact that in 
this case instructions were followed in the first as well as in the second 
series. The five cases of overlap in which instructions to see a ‘hole’ were 
not followed in either series produced two cases of recognition and three 
doubtful answers. Of the other 30 cases where instructions were not 
followed in the second series, two were preceded in the first series by 
perceptions in which it was impossible to specify whether or not a white 
figure or ‘hole’ had been seen. The remaining 28 cases were distributed 
as in Table V. 

Figures are again small, and the indication contained in thé first 
column must depend on how we interpret doubtful answers. The differ- 
ence, however, between the recognized cards and the sum of the doubtful 

у 26-2 
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and unrecognized ones is proportionately less than in the cases where 
instructions were followed. It would seem then, that the effort to see a 
‘hole’ even when not successful—so that there was no difference of per- 
ception in the two series—was a factor upsetting recognition. If this is 
true, the lesser efficiency in recognizing a ‘hole’ when it was seen before as 
a ‘hole’ becomes more comprehensible. For we are much more familiar 
with the general setting, white figure on black ground, than with a black 
expanse with a ‘hole’ in it; or again with a ground surrounding a figure, 








Table V. 
As white in 2nd series As hole in 2nd series 
c nén — г — — 
White in lst Holein lst Whitein lst Hole in lat 
Recognized 8 2 0 0 
Unrecognized 0 7 2 1 
Doubtful 7 0 0 1 


than with a figure surrounding a ground. So we may assume that the 
‘holes’ probably introduced an initial strain. But if we adopt this ex- 
planation as one of importance in accounting for the difference between 
the recognition of white figures and of ‘holes,’ for the results when 
instructions are not followed, and for the tendency for—but by no means 
uniform phenomenon of—non-recognition of cards seen as white figures 
in the first but as ‘holes’ in the second series, we are faced with two 
problems. 

The first is: How does the upsetting strain work? Is there any 
tendency for something which is ‘easy’ or conversely for something 
‘difficult’ to be recognized spontaneously or without justification? And 
secondly, the general question: Is the ‘strain’ another factor affecting 
recognition besides a difference in figure dominance? Are they inde- 
pendent or two aspects of the same thing? What evidence have we for 
the influence of figure dominance apart from strain? 

With regard to the first question, the table of false recognitions of 
new cards given in Table VI can be considered from two view points. 


Table VI. 
According to 
instructions Against instructions Ambiguous 

а А Total 

Falsely Falsely  Falsely all 
К Total recognized Total recognized recognized cases 

Seen as white figures 112 24 23 4 — 135 
Seen as holes 85 16 4 1 — 89 
Seen ambiguously — Au e e Em — 2 9 
197 40 27 5 2 233 
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Taking the white figures as prima facie ‘easy’ and the ‘holes’ as 
‘difficult,’ we can compare the ratios 28/135 and 17/89 or 0-207 and 
0-191. The difference is negligible. This we should expect partly from 
the deviations from the instructions given, in both the white figure 
and ‘hole’ series, as seen in the table above; and partly from a con- 
sideration of individual differences. For instance, Subject 16 remarked 
that "all the white figures look familiar” and in fact she ‘recognized’ 
all but one of those she saw as white figures (and that one should have 
been recognized). Here the ‘ease’ of seeing the figure seems to have 
‚ produced a general attitude of familiarity, whereas the ‘strain’ of 
` seeing the ‘hole’ tended to further discrimination. On the other hand, 
Subject 18 commented that all the ‘holes’ looked familiar, and of the 
four she saw as ‘holes’ in the second series (both new and old) she 
recognized all. There may, then, as a result of individual differences, 
be tendencies to recognize spontaneously a white figure or a ‘hole’ but 
there is no general bias evident. 

The difficulty in recognizing ‘holes,’ however, was imputed above, 
tentatively, to the strain of instructions acting against immediate рге- 
possession in perception. A consideration of Table VI as instructions 
were or were not followed might give an indication from another angle 
of the action of strain on recognition. If we compare the ratio of falsely 
recognized cards to the total when instructions were followed, 40/197, 
with the ratio of those when instructions were not followed, 5/27, or 
0-203 with 0-185, we find again an insignificant difference. The direction 
of the insignificant difference is, however, the same in this as in the 
former case, namely toward a lesser recognition of cases that are pre- 
sumed to involve more strain. But from these data we cannot conclude 
that either instructions to see a ‘hole,’ or failure to follow instructions, 
are operative in causing or preventing false recognition. (There is, of 
course, а further possibility; there may be strain present, but not evident, 
in those cases where instructions were followed independently of whether 
& white figure or a *hole' was perceived. In this particular experiment 
we have no way of determining how far this was true.) On the basis of 
the data we have; however, we should hazard a guess that a conflict in 
perception, probably either on the first or later occasion of presentation, 
decreases the efficiency of recognition, not directly by producing ipso 
facto a judgment (or feeling, etc.) of unfamiliarity, but by disturbing 
the subjective condition which assimilates the second to the first 
‘perception. And this conflict may have overt expression—as when 
instructions were not followed—or be presumptive—as when the 
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majority of subjects reported difficulty, especially in the first series, in 
seeing a ‘hole.’ 

With the material we used in this experiment, it is impossible to give 
a definite answer to the second question (is strain another factor, 
separable from change in figure dominance, hampering recognition?), 
since all subjects experienced some strain in seeing the ‘hole.’ The factors 
of strain and figure dominance, therefore, could not be accurately 
separated. A comparison of results (discussed above, and reproduced in 
the Table VII) for the whole group, and the similar results for the group 
when those subjects who had the greatest difficulty in following instruc- 
tions are eliminated, is interesting but not conclusive. 

If we consider that a subject had difficulty when he failed to follow 
instructions six times altogether, either in the first or second series, six 
subjects (1, 2, 4, 10, 12, 20) will fall into this (admittedly arbitrary) 
category. 





Table VII. 
Whole group Partial group 
r aS a \ 
х Р x P 
1. Significance of difference in recognition be- 9-37 0-01 5:05 0-08 
tween cards seen in same or different way ` 


2. Significance of difference in recognition be- 1408 0-0009 8-63 0.0145 
tween cards seen in same or different way for 
those seen as white in first series 


3. Significance of type of figure seen—whether 4-85 0-14 6-90 0-08 
white or *hole' 


4. Percentage difference between correot and Same Different Same Different 
false recognitions of cards seen as white in first ву way way way 
series when seen in second series in: 313% 63% 366% 105% 

It will be seen that for those subjects who had least difficulty in follow- 
ing instructions, the importance of a change in the manner of perception 
was rather less and the importance of the type of figure seen was rather 
more than for the whole group. In other words, seeing a ‘hole,’ which by 
all indications is a strain, is of greater significance when the subject is 
most capable of forcing himself to follow instructions; and the condition 
of a ‘change in the manner seen’ is of lesser importance when the subject 
has greater facility in seeing things as required. The contradiction of 
‘forcing oneself’ and ‘facility’ may invalidate such an interpretation, 
but we are inclined to think it is only apparent. The subject who can 
follow instructions is likely to have greater facility and because of that 
facility will be more capable of forcing and controlling himself. One 
would expect these two aspects of ‘obedience’ to be brought out accord- 
ing as we consider cases where difficulty is at a maximum (‘hole’ in both 
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'geriés compared with white in both) or cases where it is not so great 
(‘hole’ in only one series, especially the second). The data, as we have 
said before, are too restricted to warrant an hypothesis; but it seemed 
worth while to mention that when the most marked cases of strain are 
eliminated, the significance of x?, particularly with regard to the differ- 
ence between cards seen as white in both series and as white in first and 
‘hole’ in the second, was very considerably reduced. 

Some remarks on individual cases may be interesting, though not 
entirely relevant to the problem of the influence of figure-hole perception 
on recognition. Table VIII gives the number of correct and false recog- 
nitions for each subject. 


Table VIII. 
Correct False Correct False 
Subject recognition recognition Subject recognition recognition 

1 1 1 п 3 4 
2 4 2 12 1 3 
3 4 0 13 6 2 
4 4 0 14 3 4 
5 3 0 15 6 2 
6 5 0 16 7 7 
7 -5 2 17 8 8 
8 8 1 18 3 5 
9 4 2 19 6 4 
10 6 3 20 4 2 
Totals 86 47 


No close correlation between true and false recognition appears. It 
should be mentioned that the compilation of the cases of false recognition 
had to be selective and was to some extent arbitrary. Except for those of 
Subjects 14 and 16, the great majority of false recognitions were couched 
in such terms as “Yes, I think so,” “Think I have seen it,” etc. These 
answers were separated from cases where the subject said, “No, I don’t 
think so,” or its equivalent, and were used exclusively as cases of false 
recognition. The high score of Subject 16 was largely due to her recog- 
nition of all but one of the white figures; and her definite answers as well 
as her over-recognition of white figures may have been due to a certain 
inattentiveness and carelessness when not constrained by instructions to 
attempt to see the white as a ‘hole.’ Subject 14, who also gave very 
definite answers, said that he used size rather than shape as a criterion 
for recognition. He made the poorest showing of any of the subjects; 
for although a couple of others had only three correct recognitions, they 
gave more than one doubtful answer to the right cards in the second 
series, and he was also one of the four (11, 12, 14, 18) who had more false 
than true recognitions. Of these four, Subject 12 presented peculiarities 
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ав well In the first series he saw four of the віх cases where instructions › 
were to see а ‘hole’ in an ambiguous manner. His ability to see a ‘hole’ 
as compared with others was not markedly low, but the fluctuation of 
his attitude was great. In his case, no effect of ambiguity on recognition 
can be noted—two cases of recognition and two of non-recognition. One 
cause of non-recognition in some cases may be due to an often reported 
phenomenon, the shrinking in size of the memory image. Three subjects, 
1, 2 and 5, said in one or two instances that they had not seen the figure 
before because this one was larger than the former. This may also account 
for the record of Subject 14. Eleven subjects made some use of images in 
recognition. A summary of their recognitions is given in Table IX. 


Table IX. 
No. of images produced by 
—— 














РҮ 
White figure, presented in Hole, presented in 
[s м \ — ^ 
Same way Different way Same way Different way Total 


(—^—35 m mAn all 
В. D. R. D. N. Total R. D. R. D. N. Total cases 
16 6 4 0 5 31 3 0 1 2 6 12 43 

В. = recognized. М. = not recognized. D.= Doubtful. 


The images do not appear to have aided recognition very much, but 
they do seem to have prevented false recognition to some extent. There 
are only 17 such false recognitions for 11 subjects as opposed to 30 for 
the other 9 subjects. 

In conclusion, the interpretation of what the statistical results show 
is debatable. Considering the cases of recognition where the figure-ground 
relation was different in the two series, and the cases where least strain 
was present, we have no clear proof from this experiment—although 
certainly a suggestion—that figure dominance is important for recog- 
nition. Generally speaking, the experiment is not decisive either way. 
For instance, it might well be argued from Rubin’s point of view that, 
where ambiguity was so easy, the cases we have cited above may not be 
genuine; that, in fact, the importance of an identity of figure-ground 
relation for recognition was here masked. The cards used by Rubin, and 
for this experiment, lend themselves to such doubt. For example, it is 
questionable whether a white figure seen as the ‘mouth to a cave’ 
really loses its figure character thereby. As Subject 20 remarked, “The 
cave mouth is more of an association than an expression of the fact that 
I am seeing through the black.” The same subject also said that the 
white, however seen, remained the most important part of the perception. 
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That there was some difference of experience, however, when the subject 
reported ‘hole’ or white figure, is undoubted. But that this alteration of 
experience was ever a pure substitution of figure for ‘ground character, or 
vice versa, or that it was the same change for the different subjects, is not 
at all established. And again, while we may be fairly confident that there 
was some difference of experience as the subject reported figure or ‘hole’ 
perception, we cannot be sure that there was no difference when he 
reported a figure perception or a ‘hole’ perception on both occasions. 
The types of perception for these cards do not seem to have been limited 
to two by our instruction, or, if the variation was one of degree, to have 
presented an 'either-or. So long as this situation is unrectified, we can- 
not escape a lack of certainty in confirming or denying Rubin’s inter- 
pretation. The use of the same cards in which the black was given a 
shiny surface, or the use of something like the formal patterns commonly 
stamped on linoleum, might facilitate a more rigid control of the altera- 
tion of experience. In any event (despite all the possible ambiguities), 
if the maintenance of a figure-ground relationship can be shown to be of 
prime importance in recognition, the results of this experiment suggest 
strongly that its modus operandi involves more than the repetition of an 
identical type of perception ; that it demands the undisturbed re-excitation 
of a fairly well-established attitude. If the attitude is not stimulated by 
the objective conditions, and must be brought into being almost entirely 
by an effort at the behest of the experimenter’s instructions, in во far it is 
an isolated phenomenon capable of repetition but not of the carry-over 
necessary for recognition. If the effort prevents the appearance of an 


ordinary reaction to the card presented or if the conflict with that’ 


reaction is too engrossing, recognition will be obstructed. In other words, 
the attitude toward the figure-ground complex must be or have become a 
more or less natural or habitual one, as was the case with the white figures. 

But we have some reason to suppose (see Table VII) that where 
conflict and strain are avoided by facility in obeying directions, the 
maintenance of the same type of attitude in regard to figure and ground 
is of less importance for recognition. So, although it may be a well- 
formed attitude of this kind that is the cause of the conflict with instruc- 
tions, and that produces strain, it does not necessarily follow that its 
presence is vital for recognition, or that its suppression, rather than the 
strain that it engenders, is responsible for the non-recognition. But, as 
we have shown, the strain does not produce non-recognition in itself, but 
works on something relating the two occasions of perception. What that 
is, though, we do not believe has been surely isolated in this experiment. 
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The experiment with the materials mentioned above should help in 
deciding how far the attitude expressed in the relation offigure to ground 
may be identified with this unknown something that is active in recog- 
nition. On the one hand, we wish to know whether a change of figure 

- dominance is effective in obstructing recognition when strain is absent; 
and on the other, whether the figure dominance is incidental to the pro- 
duction of the strain or whether the strain affects recognition via an 
effect on figure dominance. For it might be that figure dominance was 
unimportant until it was brought into prominence through the strain 
occasioned by the conditions of the experiment—which amounts to 
saying it is of importance only for particular individuals who have 
settled tendencies of this kind, or for particular situations about which 
such settled attitudes tend to arise. 























APPENDIX. 
Ambiguities in first and second series. 
Change from 
г ——^ FX. 
Hole to white figure White figure to hole 
Ган == —À с A — 
According to Against According to Against 
instructions instructions instructions instructions 
m ETS, xum N 47 IA ER! Oo 
В. М. D. P. R. N. D. P. R. N. D. P. В. М. D. P. Total 
I — — — — та 2 — — 2nd — — — — 
First водев — — — — — — Б 9nd 6 — — lt — — — — 
10 — — 2d — — — — 
18 — — 2nd — — — — 
18 с=з бе „ыы; Б шл, ut 
— 19 — l — — — — 
— 12 — lit — — — — 
— 18 — lt — — — — 
— 18 Ist — 
Total for I — — 2 — B 4 — — 1l 
п 
Second series — 12 — lst — — 1 2nd 18 — — lt 3 — — 2nd 
Total fr п — 1 — — — — 1— 1—— — 1—— — 4 
m 
Unclassified ^ In first series: 
19 “Half and half” recognized as white figure 
In second series: 
5 Doubtful, hole required, white figure in first series 
6 » » , » 
14 i Н " $ 
Total for III 4 we Se ae ies E га "TE ise is e 4 
` Total . 19 


В. = recognized. М. = not recognized. Р. = Doubtful. Numbers indicate subject. 
P. — preeentation. 
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A QUANTITATIVE VIEW OF PAIN. 
By LEWIS F. RICHARDSON. 


Тнк observations here recorded were made on the pain caused by cellulitis 
of the right thumb, which hurt me with varying intensities for seven 
weeks. The word ‘pain’ is used, following Wohlgemuth (1), for the sensa- 
tion localized in the hand and distinct from the accompanying feeling 
of *unpleasure.' Of course pain is really five-dimensional, the intensity 
being a function of one co-ordinate of time and three of space; but that 
view is too complicated for a beginning; and so, ignoring throbbings, 
let us specialize on pains that are constant in time, or nearly so. Further 
to simplify the scheme, it is possible to ignore the spatial distinction 
between a toothache and stomach-ache, and so to establish a one- 
dimensional sequence of pain-intensity, by studying the effects of pain 
in distracting from thought, and of thought in distracting from pain. 
Thus, in sequence of increasing intensity there were: 

(A) a pain so slight that it was perceived only when carefully at- 
tended to, ' 

(B) a pain which was obvious when attended to, but which ceased 
entirely when other matters were thought of, 

(C) a severe pain which became more bearable when one engaged in 
lively conversation, or read an exciting story, or concentrated on a 
mathematical problem, or decided a difficult administrative question, 

(D) а still more intense pain, which was little, if at all, diminished 
by the sort of distractions which were effective for (C). On some occa- 
sions the intensity of the pain (D) seemed to be somewhat increased by 
attempted distraction, 

(Е) а pain so intense that the réles played in the process of distrac- 
tion by pain and thought were interchanged; for the pain arrested the 
movement of thought, leaving a stationary mental state consisting of 
just oneself and pain. But this I experienced for only a few seconds at 
a time, during surgical operations. The phenomenon is vividly described 
by Stout @), 

There is another way of defining a ‘critical intensity’ of pain, here 
denoted by «, namely as that pain which just prevents one from going 
to sleep at the time and under the circumstances in which one does 
ordinarily fall asleep when free from pain. My observations showed that 
the intensity х was more than (С) and less than (D): sleep and distrac- 
tion both became unattainable at about the same intensity of pain. 


402 A Quantitative View of Pain 


This observation accords with the theory that the physiology of falling 
asleep is similar to that of distraction. Important in that connection is 
Pavlov’s work on sleep in dogs (8) and McDougall’s discussion thereof (4). 

As part of a series of researches into the quantitativeness of sensa- 
tions, I attempted to assign numerical values to the typical intensities 
described above. The unit was defined so that « equalled 100. The pain 
(A) was produced by biting the uninjured left thumb. Then in the 
course of many days, it was estimated that (A) = 3, (B) = 20, (C) = 70 
decreasing on distraction to 30, (D) = 200, (E) = 500. For other sensations 
it has been found that estimates by different people vary widely, and 
the same is to be expected for pain (5, 6). 

To those who are accustomed to regard the process of measurement 
as being necessarily either (i) the marking and counting of units, or (ii) 
calculation using such counts (7), 1 should explain that there was no 
counting here nor any calculation. Instead ratios were estimated in a 
manner so direct as to elude analysis, and were expressed as numbers 
by means of past experience with centimetre scales. This intuitive 
directness, and the fact that so many people can estimate ratios of colour, 
loudness or other sensations, suggests that there may be in most mental 
experience a primaeval vague quantitativeness, out of which the refined 
conceptions ofmodern physical measurement have been gradually evolved. 

There is a second critical intensity here denoted by В, namely the 
intensity of pain which spoilt one’s control of voluntary muscles. As far 
as I can tell, В seemed to be about the same as the intensity (Е) which 
arrested the movement of thought; for it was observed (i) that a pain 
of intensity about 70 to 150 continued for several days with but little 
ill effect on voluntary muscles, but (ii) a pain of intensity: 300, which 
approached the intensity 500 at which pain prohibited thought, had 
after six hours’ continuance begun to split the personality into a querulous 
child making uncontrolled movements versus an ashamed but helpless 
spectator, who had an awful sense of further disruption impending. 
But further disruption did not occur, for at this stage the physician gave 
me morphia. 

The unpleasure accompanying the pain appeared, when intense, to 
consist of, or to be indistinguishably mingled with, visceral sensations. 
Wohlgemuth regarded them as distinct, but I did not separate them. 
Although the intensity of unpleasure rose and fell more or less with that 
of the pain, yet the changes of unpleasure sometimes lagged in time 
behind the changes of pain. For example, on having gauze drainers 
pulled out from surgical cuts, the pain ran up suddenly to intensity (Е), 
thought stopped for a second or two, meanwhile intense unpleasure came 
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on as a feeling of being all mixed up inside the torso. Then in the course 
of the next hour or so the pain decreased rapidly to (D) or (C), while the 
unpleasure decreased much more slowly; so that there was a stage at 
which the unpleasure was more conspicuous than the pain. But when 
on the contrary the pain had been nearly steady all day at intensities 
`` (С) or (D), then the unpleasure was less conspicuous than the pain; and 
it was the pain not the unpleasure that kept me awake. The feeling ‘all 
mixed up inside’ is reported in connection with unpleasure and fear by 
one of Conklin and Dimmick’s observers (8). 

Food had an astonishingly large effect on the pain. To the well-fed 
patient the presence of food in the stomach was of much less intellectual 
interest than the story which he was reading, yet breakfast regularly 
decreased the pain from 70 to 30, a decrease as great as could be achieved 
by close attention to the story. 

The introspections recorded in this paper were made at times when 
the observer was free from the influence of any drug such as morphia, 
chloroform or nembutol, 

In conclusion I formulate some questions for other observers, having 
already given my own answers above. 


ü) IsC<a<D? 

(п) Isp =H? 

(ui) What is the ratio о/А? 
(iv) What is the ratio B/a? 
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NOTE ON DR WILLIAM BROWN'S PAPER ON... 
A CENTRAL INTELLECTIVE FACTOR. 


Bv GODFREY H. THOMSON. 
(University of Edinburgh.) 


Iw the October, 1932 number of this Journal my friend Dr Brown 
describes an experimental inquiry into the correlation of abilities, to 
the results of which he has applied Prof. Spearman’s tetrad criterion. 
This work is of very great interest and all will look forward to the 
publication of the full mathematical analysis of the results which is 
promised. 

But is it justifiable to say that the material “will furnish a precise 
and definite solution of the problem of a central intellective factor”? 
Certainly the calculations show so far & good correspondence between 
the actual distribution of tetrad-differences, and the theoretical distri- 
bution deduced from the theory that the sole cause of the correlations 
is a central component, active in every test. And it seems highly probable 
that further calculation will confirm this, except perhaps in regard to 
the exact form of the distribution. But the question of the cause of the 
correlations will still be quite undecided.’ . 

On no theory at all, by the laws of probability, there will be а ten- 
dency towards zero tetrad-differences among correlation coefficients. 
This tendency is the stronger the more complex the background of 
causes concerned in the correlations; and the mind is surely complex. 
When in addition the tests are selected “after much preliminary trial,” 
and later it is “found necessary to reject one of the tests” (i.e. to reject 
2907 tetrad-differences) and then further to reject “one of the correla- 
tion coefficients” which remain (i.e. to reject 272 more of the tetrad- 
differences), it would indeed be surprising if the surviving data did not 
show a very strong tendency to zero tetrad-differences. Nor can I for 
the life of me see what is then proved. 


(Manusoript received 16 November, 1932.) 
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хул A NEW FORM OF TACHISTOSCOPE. 


Ву С. C. GRINDLEY. 
: (From the Cambridge Psychological Laboratory.) 


IN many tachistoscopic experiments it is desirable that the instrument 
should be one in which (a) the figure to be exposed can be drawn on a 
card, without the necessity of making a lantern slide, (b) the whole of the 
figure appears together at the beginning of the exposure and disappears 
together at the end, without any visible movement of a shutter across the 
figure, (c) the observer's eye is correctly focussed when the figure appears, 
(d) the brightness of the pre-exposure field can be made equal to that of 





П cm. 14 cm. 





the ground upon which the figure appears, and (е) the length of the 
exposure can be varied over a fairly wide range. The following is a 
description of an easily constructed tachistoscope which satisfies these 
requirements. 

Fig. 1 is а diagrammatic vertical section of the instrument. The figure 
to be exposed is drawn on а card which is placed in a holder О. A camera 
lens Z forms an image of the figure in the plane of the cross-wires at С; 
and the observer looks at this through an eye-piece E and a lens L4, 
which acts as a magnifying glass. 


Li 
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W is a wheel which is weighted on one side во that it will swing 
backwards and forwards like a pendulum. A window cut in the wheel 
exposes the figure fora short time during the swing. The front of the wheel 
is white, and two electric iamps A and В are placed во that they illuminate 
equally the card carrying the figure and the front of the wheel. (L4, С, Ls 
and Е are shielded from the direct light of these lamps.) 

The wheel W is placed at such a distance from the lens L that the 
two lenses L and L4, acting together, form a real image of the wheel in 
the plane of the lens of the observer’s eye. The observer, therefore, does 
not see the movement of the edges of the window even if the wheel is 
moved very slowly; but the whole of the figure appears gradually at the 
beginning of the exposure and disappears gradually at the end—as 
though the exposure were due to the opening and closing of a shutter in 
the lens of the observer's eye. If the wheel is allowed to swing fairly fast, 
the whole figure appears and disappears suddenly. Before the exposure 
the observer sees the cross-wires against 8 white background; and during 
the exposure the figure drawn on the card appears for a short time and 
then vanishes, with no apparent change in the white background (owing 
to the equal illumination of the wheel and the card), and with no visible 
movement of a shutter. If the observer’s eye is focussed on the cross- 
wires before the exposure, the figure will be in focus when it appears. 

The length of the exposure may be varied by having a window of 
variable size, or by varying the weighting of the wheel, or by varying the 
position from which the wheel is released, or by a combination of these 
methods. The time of exposure can be caloulated roughly from the 
period of oscillation of the wheel, or it can be measured by means of a 
moving-plate camera. The wheel can be released and caught by hand, or, 
better, by mechanical catches. Unless great accuracy in the time of 
exposure is required, the construction of the wheel and its bearings can 
be very simple; for most purposes a wheel made from Meccano and 
covered with white cardboard is quite satisfactory. 

It is convenient to place the whole apparatus in а large box or cup- 
board, as in Fig. 1, with the eyepiece projecting at one end and with 
openings in one side to allow access to the card-holder and the wheel. The 
lenses, the cross-wire, the wheel, and,the card-holder may be mounted on 
separate wooden stands which can be fixed when their correct positions 
have been found. The lens Z, and the cross-wires C are first placed at 
convehient distances from. Æ, the distance between Г, and C being 
slightly less than the focal length of Z,. The holder O, carrying a card 
with a figure, and the lens L, are then placed in such a position as to give 


^ 
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a suitable magnification of the figure when it is observed through E, and 
to produce no apparent parallax between the figure and the cross-wires. 


‘The correct position for the wheel can then be found from the fact that if 


the wheel is rotated very slowly the apparent movement of the edges of 


‘the window will be in the same direction as the rotation if the wheel is 


too near to L, and in the opposite direction if the wheel is too near to О. 
In the instrument in use at the Cambridge Psychological Laboratory 
the lens L, is a camera lens of 13 cm. focal length and 2-0 cm. aperture; 
while the lens L, is of 13 ст. focal length and 2.5 cm. aperture. The 
distances between the various parts of the apparatus are shown in Fig. 1, 
and with this arrangement a figure whose greatest length is about three 
inches appears to subtend an angle of about 7° at the observer's eye. 


My acknowledgments are due to the Medical Research Council for a 
grant which made this work possible. 


(Manusoript received 10 February, 1933.) 


J. of Payoh, хх. 4 27 


PUBLICATIONS RECENTLY RECEIVED. 


Nouveau Traité de Psychologie. Par GEoRaEs Dumas. Tome Deuxième. Paris: 
Félix Alean. 1932. Pp. 612. 


The second volume of this comprehensive “new treatise” edited by Georges Dumas 
and others, is entitled Les Fondemenis de la Vie Mentale. It contains four . The 
first deals with Les Réactions Éllénentasres and is mainly concerned with the physio- 
logical basis of sensation and emotion; the second with Les Sensations, and deacribes 
the main phenomena of the special senses; the third with Les Flats Affechfs, and 
discusses the disagreeable and the agreeable, pleasure and pain, emotional stimuli, 
emotions as experience, needs and instinotive tendencies; the fourth with Les Images. 
Practically all the work is on a high level, and it should certainly find a place in every 
psychological library. A large number of well-known authors have collaborated in the 
production of the volume and have taken their job very seriously. Good bibliographies 
are given. The whole work merits a very high place among existing text-books of 
psychology. 


The Vibrato. Ед. by C. E. SgAsHORE. University of Iowa Studies in the 
Psychology of Musie, vol. т. Iowa: University Press. 1932. Pp. 382. 
$2.00 (paper bound), $2.50 (cloth bound). 


This volume 18 the first of & new series of publications from the chologioal de- 
partment of Iowa University. Further numbers, devoted solely to the psychology of 
musio, will follow every year or 80; they are open to writers from other laboratories, 
and will include reviews of relevant literature. ры 

The present number contains an introduction by Seashore,an exhaustive survey 
of work on the vibrato, and fourteen articles by Seashore’s studente. Psychologically 
the most valuable contribution of the laboratory would seem to be the apparatus for 
recording simultaneously the pitch, intensity, duration and timbre of sequences of 
musical notes. An ingenious adaptation of the Шоро is used for photographing 
pitch to the nearest one-tenth of в tone; and by means of an oscillograph intensity is 
recorded directly in decibels. There are numerous illustrations of these records, аз 
obtained from student singers and instrumental players, and from gramophone 
records of well-known artists. 

The almost universal appearance of the vibrato among trained vocalists and 
violinists is eatablished by ee researches. Though considerable variations ocour in 
rate and extent, even on successive notes in the same song, yet the average pitch 
vibrato ranges over approximately one semitone (half a semitone among violinists), 
at an average rate of 64 vibrations a second. Similar fluctuations are found in 
intensity and timbre. The vibrato is leas frequent among untrained singers, and very 
rare in pre-adolescent children. It is also shown that the normal ear is quite incapable 
of recognizing the wide extent of the oscillations; a pitoh which wavers regularly half 
a semitone up and down is heard as practically constant. This accounts for much of 
the confusion that haa arisen in discussions by musicians of the ethics of the vibrato. 
The far more noticeable and objectionable tremolo differs from the vibrato in its 
, Slower rate and greater extent, and in its irregularity. 

As ө contribution to aesthetics and musical pedagogy, the book is of much more 
doubtful value. The reviewer can find in it no evidence to substantiate Seashore’s 
claim, namely that his phonophotographio methods constitute an objeotive &pproaoh 
to the study of the beautiful, or of emotional expression, in the performance d vooal 
musio. ; 
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Bentham's Theory of Fictions. By 0. К. Oapzn. London; Kegan Paul, Trench, 
Trubner and Co., Ltd. 1932. Pp. clii+ 161. 12s. 6d. net. 


Jeremy Bentham’s views on ‘fictions’ or ‘word magic’ are collected in this book 
from various parts of his works, arranged systematically, and preceded by a detailed 
exposition by Mr Ogden. It is shown, in this introduction, that Bentham, although 
he has been generally neglected during the past century, very largely forestalled the 
As tf philosophy of Vaihinger, and Ogden and Richards? investigations of The 
Meaning of Meaning. Briefly stated, Bentham divided words into those that represent 
‘real entities’ or physical objects, and those that represent ‘fictitious entities.’ Tho 
latter are mere names and verbalisms which have become stereotyped and reified; 
thus they are responsible for much confusion in every-day language, in philosophy, 
psychology, law, politics and religion. Through his elaborate analysis of the various 
orders and types of fictions the author attempted, single-handed, to build up a new 
system of logio, which should form a truly scientific basis for future investigation in 
every field of thought. The book (or at least Ogden’s introduction to the book) should 
certainly be read by all who are interested in language and its influence on human 
thought and behaviour. 


Mencius on the Mind. By I. A. ВлонАвтз. International Ыы of Psychology, 
Philosophy and Scientific Method. London: Kegan Paul, Trench, Trubner, 
and Co., Ltd. 1932. 10s. 6d. net. 


Dr Richards, in this book, uses the analysis of pieces of the text of Mencius, a 
Chinese philosopher of the fourth century в.о., as a means of introducing the dis- 
oussion of a number of problems in the psychology of language, translation and 
reasoning. He raises a number of interesting and important pointe, but the book 
suffers from the attempt to deal with too muc анаа too limited а space. From 
his analysis of the text he is able to show that the psychology of the Chinese mind of 
the fourth century .was radically different from that of the modern western type, 
lacking, almost entirely, a cognitive aspect. Perhaps the most important section of 
the book is that in which the author discusses what he calls “Мире Definition.” 
This is a technique for comparative studies which proceeds by separating the different 
meanings of words, and exhibiting each meaning as a member of a coherent system of 
meanings of related words. Thus, for instance, there are many words which are common 
to Oxford and Cambridge philosophers; but there is a coherent ‘Cambridge’ system 
of meanings for these words, and another coherent ‘Oxford’ system. Dr Richards 
very reasonably contends that it is only by employing the method of Multiple Defi- 
nition that comparative studies of different systems of thought can effectively be 
made. 


The Mind and its Body: The Foundations of Psychology. Ву Снлвтез Fox. 
| International Library of Psychology. London: Kegan Paul, Trench, 
Trubner and Co., Ltd. 1931: Pp. хи + 316. 10s. 6d. net. 


In this book Mr Fox discusses the mind-body problem in the light of recent dis- 
coveries in physios, physiology and psychology. Mr Fox attacks three “dogmas asso- 
ciated with nerve physiology "—that the reflex is the sole type of nervous action, that 
there is a one-to-one correspondence between brain events and mental events, and that 
the cerebral cortex is in some special sense the organ of conscious life. He also argues 
that there is no reason to assume an underlying physiological basis for mental images. 
The concepts of Temperament, Mental Energy and Instinct are critically examined, 
and after a brief discussion of certain philosophical doctrines, Mr Fox concludes that 
the mind-body relation is & unique relation, in which the mind controls the body, 
without there being a one-to-one correspondence between the mind and the brain. 
The whole argument of the book is supported by many references to recent literature. 
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A Sociological Analysis of Certain Types of Patriotism. By EARLE L. HUNTER. 
New York. 1932. Pp. 263. $2.50. 5 


This essay was written and published “іп partial fulfilment of the requirements 
for the Degree of Doctor of Philosophy in the Columbia University.” It deserves a 
wide public, for it is an unusually interesting and stimulating study. It appears that, 
in America at least, the evidence indicates that loyalty is directed primarily to specific 
objects, and can be defined “only in terms of specific or directly appreciable values.” 
Now country is not such a specific value and hence it is very desirable to drop the 
term ‘patriotism.’ It is proposed to use the term ‘communalism’ instead, where 
* communalism is teken to mean that the general interest of the community is a con- 
trolling principle to guide the selection and revaluation of those immediate objects 
to which loyalty may be given.” A great amount of specific illustration is given and 
the author raises in clear-cut fashion a large number of problems which will be of 
great interest to any social psychologist. 


Biologie de PInvention. Par Quartus NicoLnE. Paris: Félix Alcan. 1932. 
Pp. ху + 160. 15 fr. 


This is really a rather tumultuous, but very stimulating little book about genius. 
It is written in a personal and epigrammatic style, and it is not always easy to follow 
the author's flights of thought. He says himself that “le conclusion la plus claire de 
mes réflexions est que la faculté de l'invention est un accident, une propriété hasar- 
deuse, ni plus ni moins extraordinaire que tant d'autres." However, it appears that 
in its most striking forms invention is an accident that can occur in the case of men 
only. When a women tries vainly to imitate & man in this respect the results are 
disastrous. And any way free play to invention may become easily в most serious 
social menace. In spite of the suthor’s remark that he is “а perfect donkey in philo- 
sophy,” his argument is perhaps rather less concrete than could be desired. But many 
brilliant things are said, and most readers will alternately applaud and hiss this 
extremely clever book. $ 


Reflex Activity of the Spinal Cord. Ву R. S. Creep, D. "DENNY-Baows, 
J. C. Ессікв, E. G. T. LIDDELL, and C. 8. Зневвтматом. Oxford: Oxford 
University Press. 1932. Pp. viii + 183. 10s. net. 


The plan which has been followed in this book “is to introduce and describe 
seriatim a number of reflexes. ..which take expression in the skeletal musculature, 
predominantly in that of the limbs. The description and discussion given of them in 
each case are directed mainly towards analysis of the working of the reflex mechan- 
ism.” The aim of the book is to analyse reflex responses in terms of motor units, and 
to infer from the analysis the nature and properties of excitation and inhibition in the 
central nervous system, rather than to discuss the biological significance of reflexes, 
or to exhibit them as items in animal behaviour. For this reason, and also because 
spinal reflexes only are discussed here, this book is of less direct psychological interest 
than The Integrative Action of the Nervous System, but it will be welcomed by the 
psychologist, as well as by the physiologist, аз an authoritative discussion of the 
present position of the study of reflex mechanism. 


Animal Motivation: Experimental Studies on the Albino Rat. By C. J. WARDEN. 
New York: Columbia University Press. 1931. Pp. хи + 502. 25s. net. 

Prof. Warden and his collaborators have been engaged since 1924 in an attempt 

to measure the alae i of ‘drives’ such as hunger, thirst and sex in rats, under 

various conditions. most of their experiments they have used the Columbia 

Obstruction Method, in which a ‘drive’ is measured by the frequency with which a 
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rat will cross an electrio grid in order to reach an appropriate incentive object 
(e.g. food). The experimental technique has been very carefully developed, and it 
constitutes an important advance upon previous methods of study in this field. But 
it is difficult, for several obvious reasons, to regard the results of experiments of this 
kind as being, in any strict sense, measurements of the strength of ‘drives.’ It may Бе. 
objected, for instance, that a ‘drive’ cannot be measured by observation of only one 
kind of behaviour, such as crossing an electric grid; or that an animal’s susceptibility 
to electric shocks depends on its general physiological condition (as is suggested by the 
results on the hunger drive), so that the deterrent effect of a given electric shock is 
not constant under different conditions; or that an electric shook produces fear, во 
that Warden’s objection to the Choice Method (that it involves the simultaneous 
operation of two drives) applies also to the Obstructive Method. But the force of 
these objections will depend on the exact meaning given to the word ‘drive,’ and it 
must be admitted that the meanings which most psychologists attach to words of 
that kind are not sufficiently definite to permit accurate measurement by any method. 
It is interesting to notice that, measured by this method, and taking each drive 
at its maximum strength, the maternal is the strongest of the drives studied, and that 
thirst, hunger, sex and exploration follow in the order given. The experiments on the 
influence of segregation and of internal secretions on the sex drive are an important 
contribution to the study of sexual behaviour. 

Most of the work described has already been published in separate papers and 
monographs; and these are reproduced in the book, with omissions which reduce, but 
do not eliminate repetition. It is convenient to have this valuable material collected 
together in one volume. 


Human Learning. BY Epwarp L. THornpikE. The Century Psychology 
Series. London: The Century Co. 1931. Pp. 206. 


The Fundamentals of Learning. By Epwarp Г. Тновмртки. New York: 
Bureau of Publications, Teachers’ College, Columbia University. 1932. 
Pp. хуй + 638. 


Reward and Punishment in Animal Learning. By EDWARD L. THORNDIKE. 
Comparative Psychology Monographs, vol. уш, No. 4, Serial No. 39. 
Baltimore: The John Hopkins Press. 1932. Pp. 65. $1.25. 


In these three volumes Prof. Thorndike describes and discusses an immense 
amount of experimental work which he has recently done in an attempt to solve 
some of the fundamental problems of learning. Human Learning gives а summary 
and discussion of most of the results in a compact and readable form, while the actual 
experiments on human subjects are dealt рн more fully in The Fundamentals 
of Learning, and those on animals in Reward and Punishment in Animal Learning. 

The problem of learning, to Prof. Thorndike, is the problem of how it is that the 
strength of a connection changes; the strength of the connection between a particular 
situation and  partioular response being defined as the probability that the situation 
will evoke the response. The problem of learning, regarded in this way, is one which 
lends itself readily to experimental attack, as these volumes &ábundantly demonstrate. 
It is impossible to summarize the results in a short review. Since the whole method 
of the experiments depends on measurement of the probability that a given situation 
or stimulus will evoke a given response, most of the experiments involve a large number 
of subjecta, and most of them are of the kind in which the subject learns a series of 
words or geometrical figures, or attempts to draw a line of a given length, rather than 
of the kind in which & detailed study is made of the acquisition of a complex skill. 
Many of the experiments deal with the operation of the Laws of ‘Use’ and.‘ Effect,’ 
and evidence is given that while, as might be expected from the ‘Law of Effect,’ a 
satisfying after-effect can be relied on to strengthen & connection, an annoying after- 
effect has no uniform and direot tendency to weaken a connection. Prof. Thorndike 
has little that is favourable to say of the conditioned reflex theory or the Gestalt 
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theory of learning. The supporters of those two theories of learning can be relied upon 
to attack him—from opposite directions. But whether Prof. Thorndike’s “con- 
nectionist’ point of view is good or bad, his experimental results are a very important 
contribution to the study of learning. | 


` The Economy and Technique of Learning. By Упалдм Е. Воок. Boston: 
D. C. Heath and Co. 1932. Pp. x + 534. $2.00 net. 


Prof. Book has presented in this work & very careful analysis of the theoretical 
and practical aspects of learning, based on the researches of others and on his own 
well-known experiments. It is primarily devised as в ‘text-book in educational 
psychology, an this emphasis is always Aged on the educational rather than on the 
industrial aspects of the subject. Parts І-тү, which occupy three-fifths of the book, 
deal with the theoretical aspects—the when, the wherefore and the why of learning. 
But perhaps the most important portion is Part v, which is a discussion of the ways 
to make learning more economical and efficient. In this part the questions of motiva- 
tion, fatigue, and transference are discussed at length, and due consideration is given 
to the arrangement of the objective conditions of the learning situation. If there is a 
defect it is that perhaps more could have been said about th whole problem, 
and about the effeot of the distribution of practice periods—a different; though allied, 
question to that of rest pauses which is also dealt with. Some mention might have 
been made in the section on transference of the work of S and others on retro- 
active inhibition, in which it was shown that the greater the objective similarity 
between tasks the greater was the interference (negative transference). This appears 
to be important as evidence against the universal validity of the Thorndike theory of 
common elements, especially as somewhat similar results have been found in some’ 
of the transference experiments with card sorting. 


Fluctuations in Human Output. By S. J. Е. Ришеотт. British Journal of 
Psychology Monograph Supplement, No. xvii. Cambridge University Press, 
1932. Pp. viii + 125. 12s. 64. net. 


Dr Philpott presents in this study the results of his experiments on uninterrupted 
mental work. His experiments are divided into five series, the earliest.dating from 
before the War and the last being a recent study on a large number of boys of school 
age. The tasks he used were dotting, various arithmetical tasks, sound discrimination, 
and an illusion of reversible perspective; and he endeavoured to find out whether 
there was any periodicity in the efficiency of performance. Inthe dotting test and in 
the different arithmetical tests & time signal was given every 5 sec., and the subjects 

‚ began afresh immediately. Dr Philpott mentions the danger—also noticed by Flügel 
in Practice, Fatigue and Oscillation—of using an artificial time interval in experiments 
upon individual fluctuations of efficiency, namely, that the artificial interval itself 
may override an individual’s natural tendencies, and devélop an artificial periodicity. 
He points out on the other hand that, “ Ав long as the work. itself is disorete there 
will be danger of rhythm. The subject is as much in.danger of swinging through his 
dots or sums in groups of one, two, three, or more at a time, as he is of swinging ' 
through time intervals in such groups.” Dr Philpott’s results showed that the 
periodicity in mental work appears to be of a geometrical nature. Furthermore, 
only в few such geometrical periods were found, and the ourves of all individuals for 
the different tasks they were set appeared to belong to one or other of these periods. 


Property. A Study in Social Psychology. By Exnust BEAaLEHOLE. London: 
Allen and Unwin. 1932. Pp. 396. 10s. 64. net. 

Mr Beaglehole presents in this book a detailed study of prop for the purpose 
of discovering whether there is an instinct of acquisition. In eee of анс and. 
birds he thi that acquisitiveness is in general only one link in a wider chain of 
behaviour. In primitive society also it does not exist as an instinct in the proper sense 
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of the term, but it is merely associated with the particular sentiments that it is 
oustomary for individuals within that group to build. up, and thus, unlike a true 
instinct, it is liable to modification according to changes in the particular sentiments 
which different groups tend to develop, and which the same group tends to develop 
at different times. Similarly, in the case of western civilization the same conclusions 
are reached. Such things as the mania for collecting postage stamps or birds’ eggs, 
which appear to have lost considerable popularity during the last thirty years, 
Mr Beaglehole thinks are far more easily and satisfactorily explained in terms of the 
greater opporbunities for using leisure to-day compared with thirty years ago, than 
in terms of the waxing and waning of a specific instinct. “It is the moulding of human 
nature by the culture patterns of the different groups which adapts one child to a 
communist organization of society and another to a western capitalist society.” 
Finally it should be mentioned that not the least important part of Mr lehole's 
book is a statistical analysis of property values among primitive races along the 
lines of the well-known investigations made by Hobhouse, Ginsberg and Wheeler 
into other social institutions. А 


Studies in Sociology. By. Momnis'GrwssERG. .London: Methuen, 1932. 
Pp. ix 4.211. 68. net. 


This book consiste of a collection of essays. The first five are predominantly 
sociological, and of these chapters 1-1 are on broad sociological theory, while 
chapters Iv and v deal with the concept of evolution in sociology. Chapters vi and vi 
concern two of the most important psychological factors in sociology, namely instinct 
and emotion. In chapter ут the various uses of the term emotion are discussed, and 
suggestions are put forward concerning the various points that a theory of emotion 
n to take into account. In chapter vir much the same thing is done with instinct, 
to show the real importance of the conception in spite of the many attacks that have 
been made on it recently in America. Chapters VII, IX and x deal with biological 
factors in sociology, chapter Ix containing a statistical analysis of the mobility—or 
rather the lack of mobility—between different classes, based on three separate en- 
quiries undertaken by Prof. Ginsberg. Finally,.chapter x, a hitherto unpublished 
paper, contains a review of the claims of eugenics, and points out where Prof. Ginsberg 
thinks that the eugeniste have been over-confident, and along what lines he considers 
that their researches will be most fruitful. 


Psychodiagnostik. Von Hermann RonscHacH. Bern und Berlin: Hans Huber. 
1932. Zweite Auflage. 8. 230. Sv. Fr. 18 ($3.60). 

Rorschach’s extremely interesting work dealing with the diagnostic significance 
of certain ink-blot interpretations is already well known in this country. This fine and 
well-printed edition should bring him many new readers and stimulate other investi- 
gators to test further his methods and conclusions. The present edition is in two 
volumes, the first of which describes the technique, results and conclusions of 
Rorschach’s testa, and the second contains some finely reproduced figures of his 
particular series of ink-blots. It is vastly to be regretted that Dr Rorschach died 
while yet his work was at its beginning, for he was a man who had it in him to do a 
great amount of good work in psychology. This edition is prefaced by a brief account 
of Rorschach’s life and work. 


La Psychognomie: Lecture Méthodique et Pratique du Caractère et des Aptitudes. 
Раг PauL Bours et Сампля Bours. Paris: Félix Alcan. 1932. . XV + 

210. 40 fr. E й 
This ів a most astonishing book, most pleasantly printed and profusely illustrated, 
and devoted to a rather dogmatic recital and exposition of the great practical value 
. . «of phrenology, physiognomy and graphology. No doubt many people may find it 
~ ` interesting and those who have little psychological training or aptitude may find it 

convincing. At least it is amusing. 
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Talents and Temperaments: By ANGUS Maoran. Contemporary Library of 
Psychology. London: Nisbet and Co. 1932. Pp. xi+ 210. 5s. net. 


Dr Macrae is in chargé of the Vocational Guidance Department at the National 
Institute of Industrial Psychology. ‘He therefore had the most excellent opportunities 
. to write with knowledge and judgment on this topic. He has used his opportunities 
well and has produced a book which is both a pleasure to read and an authoritative 
< statement of the growth, the present position, the achievements and the possibilities 
of the vocational guidance movement. Dr Macrae shows how vocational guidance 
grew up, the contribution of the early work on the measurement of intelligence and 
the use of specific tests of ability being clearly summarized. He then shows by what 
method it is now prosecuted, how the ‘standardized interview’ and the appraisement 
of npe цеце and character come in. Не indicates the great help t. a may be 
given by the judicious parent and the wise doctor. He describes experiments on 
vocational guidance which have been conducted, and suggests ways in which they need 
continuation and extension. He writes finally of the probable future of the move- 
ment. The whole book is the outcome of wide and careful reading and, more important 
still, of a mass of original research. It deserves a wide public. 


Personality, Many in One: An Essay in Individual Psychology. By J. W. 
' Ввтранв. Boston: The Stratford Company. 1932. Pp. vi+ 215. $2.00. 


Although this book is directed rather to the general reader than to the trained 
psychologist, the latter will find in it much that will hold his attention and stimulate 
his thought. Among this perhaps the most interesting sections are those that deal 
with ancient and recent psychologies of types and with the problems of temperament 
and character. The various different attempts that have been made to classify humen 
individuals into es are well and clearly dealt with, and as the original references 
are provided in the text and in the bibliography, Dr Bridges’ treatment is в very 
useful insroduction- to a most fascinating study. а is treated as а group 
or organization of affective functions and character as а group ог organization of 
active ‘drives.’ This distinction is perhaps a somewhat narrow one, but the resulting 
discussion is one of great interest. In fact the whole book succeeds in being olear 
about a lot of matters that are usually left in a mist, and as ап, introduction to its 
topic merits a high place. we a 


Psychopathic Personalities. By EuaEN KAHN. Yale University Press and Oxford 
University Press. 1931. Pp. хи + 521. 298. 6d. net... 


In this work Dr Kahn discusses psychopathic, not abnormal, "personalities, psy- 
chopathic malities being those whose deviations from the normal, while not во 
gross as to bs psychotic, are such that they either.suffer themselves or cause suffering 
to society. Personality he considers to be made up of impulse, temperament and cha- 
. r&oter and, as such, he shows how dependent normality is both on endowment and 
on environment, stressing the importance of the former, in contradistinotion, for 
example, to Adler’s teachings, and showing how psychopathio personalities are likely 
to arise when the endowment is either too liberal or too meagre. He also points out 
the importance in psychotherapy of the psychopath being educated to understand 
himself and his limitations. There is a bibliography of nineteen pages, almost wholly 
to German literature, and Dr Kahn discusses and criticizes the views of other writers 
with a restraint which gives much force to his own arguments. Psychopathic Person- 
alities will be found to be very helpful, especially by those who have not kept in close 
touch with the voluminous German literature on this subject. 


The Psycho-Analysis of Children. By MgraNIE KLEN. London: The Bonus 
Press. 1932. Pp. 393. 18s. 
This volume is No. 22 of the International Psycho-Analytical Library. The trans- 
lation, b у Alix Strachey, reads well, and is, on the whole, extraordinarily well done. 
The book itself will undoubtedly annoy some people and please others. Even those 
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who are the least inolined to accept its theories will admit that it contains evidence . 
as well as interpretation, ent ag well as dogmatic assertion. It is in fact a very 
fine record of а mass of-difficult and original research. Mrs Klein differs from Anna 
Freud in that she maintains that a method which is the equivalent of adult analysis 
can and should be used with children. She gives evidence to show that if it is so used 
transference-situations will develop-in thé ч way, and there need be no weakening 
of the ohild's ‘super ego.’ or its functions. The book itself is very largely case study 
and revolves mainly around the sexual impulses and anxiety and the profound dis- 
illusions: of early childhood. To most ordinary people-who read this book, and very 
likely to most ordinary psychologists also, it will appear to be a contribution to child 
pathology rather than to child psychology. But whichever future investigation may 
prove it to be, it is undoubtedly a pioneer work of great importance. 


Psycho-Analysts of the Neuroses. By HeLene Окотзсн. London: The Hogarth 
Press. 1932. Pp. 237. 10s. 6d. 


This vol. is No. 23 of the International Psycho-Analytical Library. lt consiste of 
eleven lectures dealing with: (1) hysterta, (2) phobia, (3) obsessional neurosis and 
(4) melancholia. The argument is generally clear and always persuasive, and the book 
is packed with original clinical material. The general scheme is to illustrate as clearly 
as possible how psyoho-analysis traces the origin of neurotic disease to: “(1) fization 
of the libido, (2) regression and (3) the so-called current or ‘actual? cause, which may 
become through frustration a decisive factor in the genesis of the illness." The trans- 
lation is by W. D. Robson-Scott. 


Allgemeine Neurosenlehre auf psychoanalytischer Grundlage. Von HERMANN 
Мохвеве. Bern und Berlin: Hans Huber. 1932. Pp. 339. ВМ. 12.50. 
This-book’ contains & brief appreciative foreword by Prof. Freud. 2 
It isa very capable study of the theoretical bearings of psycho-analysis in reg 
to the understanding and treatment of neurosis. The treatment is comprehensive and 
clear, and if it is-not-particularly original it has the great merits of being undeniably 
well informed and-systematically organized. Practically all the major problems of 
‚ the classification and. psychological bases of the neuroses are discussed, in a general 
sense, and a final. chapter deals with therapeutio methods. A useful selected biblio- 
graphy is appended, together with an excellent index. 


Intelligence and Mental Growth. By CLAUDE A. CLAREMONT. Psyche Miniatures. 
London: Kégan Paul, Trench, Trubner and Co., Ltd. 1927. Pp. 138. 
28. 6d. net. OS 


An apology is due to Mr.Claremont for this T belated notice of his exceedingly 
interesting and attractive essay. The problem with which he is mainly concerned is 
the very ancient one of how best to desoribe or characterize intelligence. Briefly his 
answer is that intelligence consists in & reaction to causal relationships, or, more 
accurately, to necessary relationships, with a realization of their necessary character. 
The view is abundantly illustrated, very often-in a highly original manner, and is 
argued most persuasively and consistently. In the course of his discussion Mr Clare- 
mont makes some acute and oritical remarks about discovery and invention, intelli- 
gence tests, the ‘general factor,’ the creative element in thinking, and about instinct 
and intelligence. Perhaps the one obvious point of criticism is that ‘causal relation- 

`, ship’ is used in.an extremely wide and somewhat indefinite way. But this is not a 

. very serious point, for Mr Claremont is well aware of the difficulty and does his best 
to remove it. In faot the essay is an original effort, well written, suggestive and 
original in ite ideas, and worthy of a careful and considered study. 
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An Analysis of Certain Psychological Tests by-the Spearman Factor Method. 
By С. Jorgensen. London: Е. A. Gold and Co.‘ 1932. Pp. 70. Price 3s. 


Do psychological tests measure what they are supposed to measure? To what 
extent is general intelligence a factor in each? What degrees of reliability do the 
Spearman methods give in actual use? These are some of the questions to which the 
author set out to try to find answers by giving a number of tests of general and special 
abilities to college students and analysing the results by the Spearman mothods. 

Owing to certain unavoidable shortcomings in the technique employed the findings 


: are more suggestive than conclusive. Among the most interesting or challenging may 


\ 


be mentioned—(1) Many so-called intelligence tests are of little value, for they contain 
little that is general and much that is specific. (2) Tests of special abilities a agi ў 
фу of 


` of a number of sub-teste are not likely to be of much value owing to the diffic 


interpreting an obtained score: (3) In reapect to intelligence tests, doubt is thrown on 
such widely accepted beliefs as the efficiency of ‘equally familiar’ or ‘entirely un- 
familiar’ material, and the superiority of long testa. The conclusion is кодоо that 


' psychological tests should be handled and interpreted with extreme caution. The 


Spearman methods used gave evidence of satisfactory reliability under certain 
conditions, but lack of such reliability under other conditions was indicated. : 


а 


The Dynamics of Education. Ву Нила Tana. London: International Library 
of Psychology, etc. Kegan Paul, Trench, Trubner and Co., Ltd.- 1932. 
Pp. xvi + 278. 10s. 6d. net. . 


This is & rather general essay mainly devoted to exposition of the view that 
education has to fit students to & world of constant change and progress, and that the 
change is on the whole of a definitely purposive order. The methods of education must 
be adjusted to these facts. Many current views are discussed in a clear and persuasive 
fashion. Much space is devoted to the pay chology of learning. As giving'& kind of 
general orientation the volume will be found very useful, particularly by those already 
ins thy with ite point of view. Ап appreciative foreword is contributed by 
ч i ES E * | EIS 
Defects of Speech in School Children. Ву H. T. Parker. Melboürne: Melbourne 

University Press. 1932. Pp. 96. 4s. net. — Ж ` 


This is a report of work made possible and published by the Australian Council 
for Educational Research. It consists of a systematic study of various в h defects 
in normal and subnormal children in the schools of Tasmania. Breech defecta are 
found to be.more common than is usually suspected. They are classified under the 
heads of stammering, organic disabilities, lisping, baby-talk, and whispering. Sex 
differences are reported, there being a preponderance of speech defects in boys in all 
the cases except that of whispering. Subnormal children show far more speech defects 
than the normal. Remedial methods are discussed and evaluated. P 


Australian Educational Studies (First Series). Melbourne: Melbourne Univer- 
sity Press. 1932. Pp. 125. Ds. Я 


This publication contains the following papers: The Length of the Teacher's Pro- 
fessional Life, by К. S. Cunningham; An Experiment in the Teaching of Reading 
Comprehension, by G. Limb and H. T. Parker; Standardized Tests of Teaching Ability, 
by P. В. Cole and В. К. Whately; Problem Children in Melbourne Schools, by К. 8, 
Cunningham; Crippled Children in Tasmania, by Н. Т. Parker; The Story of an 
Australian Nursery School, by M. V. Gutteridge. 
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Class Grouping in the Primary School. By Н. S. Wynpuait. Melbourne: 
Melbourne University Press (Macmillan and Co., Ltd.). 1932. Pp. 139. 6з. 


This is a survey of methods of class grouping in the schools of Sydney. It is care- 
fully carried out and the results are expressed in a clear and straightforward manner. 
The recommendations include the provision of more special schools, for defeotive, 
dull, and very bright scholars; the use of mental age as the major determinant of 
class-grouping of the central group of the school population; a greater fluidity of 
shifting from olasa-group to class-group, and improved methods of testing. The survey 
is of considerable interest to any administrative service which is concerned with school 

. organization. Thé monograph is published by the Australian Council for Educational 


The Case for Curriculum Revision. By G. 8. Brownz. Melbourne: Melbourne 
` University Press (Macmillan and Co., Ltd.). 1932. Pp. 183. 4s. А 
Although this monograph, which is issued by the Australian Council for Edu- 

cational Research, has special reference to the revision of curricula in the publio 

. schools of Victoria, it is the outcome of wide experience and observation in Great 

Britain and America. The keynote of the proposals is found in the statement: “Тһе 


old curriculum was tested in terms of power io learn: the new curriculum should . 


inolude this and add a test in the power to do.” се many specific proposals are 
made and а number of ‘specimen courses’ included. The report is written with en- 
thusiasm and insight and should attract general attention. 


The Joy of Infe.- By Наввивт М. Casson. -London: Thé Efficiency Magazine. 
1932. Pp. 145. 3s. 6d. 3$ e АЛУЫ 

This is the author's eightieth book. It states, with a great many illustrations and 
in a dogmatic and orisp manner, how the writer thinks that joy, and therewith success, 
in life may be achieved. His recipe is: “Just as light is composed of the five simple 
colours, во the‘ Joy of Life is created by the blending of the six normal activities 
.of human beings—doing, getting, helping, learning, playing апі loving." The book 
. contains masses of good advice-and Шоу be found stimulating by many readers. 
- P 95 К КЕ i x Ы 


Symbolic Distancé., By B. BUOHANAN. Psyche Miniatures. London: Kegan 
„Раш, Trench, Trubner and Co., Ltd. 1932. Pp. 110. 2s. 64. net. 


In elation and Analysis. By Jonn Wispom. Psyche Miniatures. London: 
egan Paul, Trench, Trubner and Co., Ltd. 1931. Pp. 136. 2s. 6d. net. 


The Nattire and Mechanics of Consciousness. By Max MuNDLAK. London: 
John Bale, Sons &nd Danielsson, Ltd. 1932. Pp. 246. 10s. 6d. net. 
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E . PROCEEDINGS OF THE 
BRITISH. PSYCHOLOGICAL. SOCIETY. 


E GENERAL MEETINGS... 


ta . December 10; 1932; Annual General Meeting. 
` “Methods of Occupation Analysis in Relation to. Hospital 


E . .  Nureing: a Preliminary Study." - By Miss A. А. Faanxvorb. 
. : “Ап Experimental Investigation of МОВЕ ВЕНЕ Бене: 
н . Ву Mies М. В, HARBOWER. 5 


Demonstration:, “А two-story maze with records of left-hand 
reversal from trained and untrained me. e 


= : | Тиотовяв. : 
January 13, 1033. - “The Senso: of Beauty. ч Ву Prof. S. Alexander. "ES 


SECTIONAL MEETINGS. 


MEDICAL. 
- December 14, 1932. Symposium: ‘“‘Psychology ‘and Psyohical Resoaroh." Jonn 
ee | Rickman, Mrs Е. BHACKENBURY, WILLIAM Brown, EDWARD 
Se GrovER. х. 
January 26, 1933. Address from the Chair: ‘‘The Sones of Error.” By Dr E. 
2 ‚  .GnaHAM Ножв. | 


B LS = 
< 


ZEE ` Ebvoamox. 
'December-8, 1932. “The Teaching of Handwriting.” Ву Miss MARION Вланавраок. 
: ' Janùary 4, 1933. “The Work of the University of London Institute of Education. x 


By Prof. Н. В. Hamuny. 


я February 6, 1933. “Тһе Contribution of the Piychologiet to the Sohool. 2 He Miss . `. 


N. M. „ТуримАм, B.Bo. 


oy . | INDUSTRIAL. ` 

P ` December 8, 1932. “Тһе Relation of Laboratory to Field Investigations in Industrial 
MS Psychology. » By Prof. F. C. Barriutr, F.R.S. ` 

January 26, 1933. "Psychology and Theatrical Produotion:.a Plea for Rational- 

| .  ásation. By Mr OLIVER RAPHANL. : 
"Some Fields for Research in the Theatre.” ву Mr RUSSELL 
SEDGWIOK. . ` 

е . AZXSTHATIOS. 

i December 9, 1932. "Form and Representation in Pictures. n вум HELEN KNIGHT. 

: January 20, 1933: “Aesthetio and Artistio Experience.” By Miss Р: Govan, B.A. 
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